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PREFACE. 



HUNDRED yeara have elapsed since the 
experiment of an Italian philoaopher inaugu- 
rated a new era in physical science. The indug- 
trious cultivation oE the new electricity from 
that day to the present has been so fruitful of 
results, that even the specialist has found diffi- 
culty in keeping pace with its development. 
Within a few years it has found its way into 
the household, and hundreds of thousands of 
intelligent people have come to have some per- 
sonal familiarity with its use. It is believed 
that this familiarity has not " bred contempt," 
but rather that it has excited a desire, on the 
part of many, to know something of the funda- 
mental principles which underlie its numerous 
applications, and to learn something of the evo- 
lution of these principles. 

In this belief, the author has endeavored to 
sketch the growth of the science of electricity, 
and its principal applications. The book is not 
a history of the science, nor is it a scienti&o 



treatise ; but the author trusts, tbat, aa far as it 
goes, it is not far wrong in either its history or 
its science. The use of technical language has 
been avoided us far as possible ; and the effort 
has been to enable the intelligent reader, unfa- 
miliar with the nomenclature of the science, to 
understand the more important phases of ita 
development, and to give him such a knowledge 
of its fundamental principles as will enable him 
to comprehend the meaning of what he sees in 
electrical devices, with which he almost daily 
conies in contact. 

It has been assumed that the interest of the 
reader in the discovery of a principle or fact 
will not bo lesaened by a little knowledge of the 
personality of the discoverer, especially when 
bis name has become a part of the nomenclature 
of the science. The literature of electricity is 
now so extensive, that it would be difficult to 
enumerate the sources from which the writer 
has drawn in the preparation of this volume. 
In many instances original memoirs have been 
consulted, and where direct quotations are made 
that fact is indicated. 

It is with great reluctance that the author 
1 consents to add another to the already large 

m her of so-called "popular" books on eleo- 

city ; but he believes that the treatment of a 



F^FACS. 5 

subject like thia will not neceasarily be anscien- 
tific or inaccurate because it ia couched in 
laogoage nearly free from technical terras and 
mathematical fonnulEe. That it mast be leBs 
complete and exhaustive goes without saying ; 
but the design of the author, as already inti- 
mated, is to present a sketch. Any reader who 
ia BO disposed will have no difficulty in findinf 
material for filliog in the details with any de- 
sired degree of elaboratioD. 
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'ashisoton, D. C, Mat/ 16, I88fi. 



;eface to revised edition. 



I HAVE taken the opportunity afforded by a 
reissne of this work, as the first in the Riverside 
Science Series, to add a Postscript, bringing the 
subject more or less to date, and to make a 
slight correction in the original text. My atten- 
tion has been called to two errors only, and it 
happens that both were copied from original 
sources. One is in the cut on page 177, showing 
the skeleton Gramme Armature, in which the 
wire surrounding the S pole of the field magnet 
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is ooiled in the wrong direction. It was so in 
the cut from which this was copied, which was 
not aufficiontly scrutiiiizcd before its adoption. 
The proper alteration in the cut is made in the 
present edition. 

The other is of much greater interest, and 
will be found in the statement of the law of 
electro-magnetic induction at the foot of page 
159. It is here stated that, when an electrio 
current is passed through one of two parallel 
wires, it causes at first a current in the same 
direction in the other, while the fact is that the 
direction of the current is opposite to that in the 
inducing wire. Such an error in the statement 
of one of the most familiar principles of the 
science might easily be attributed to a lapsus 
calami, followed by careless proof-reading. In 
this instance, however, the principle is given, as 
stated in the text, in Faratlay'a own words, and, 
curiously enough, the distinguished discoverer 
committed the blunder himself, in communicat- 
ing the result of his magnificent research to his 
friend Phillips, in a letter dated at Brighton, 
November 29, 1831 ; at least, it is so printed 
in Dr. Bence Jones's " Life of Faraday," from 
which the statement was copied without a thought 
as to its correctness. 

T. C. M. 
Wabbikgton, D. C, March 7, 189a 
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10 A CENTDRT OF ELECTRJCITT. 

Ffan^f, and Germany are to be drank in eltilrijied 
bumpers^ under the difcharge of guns from the 
eUHrUal battery. 

On the Fourth of July, 1885, at a few min- 
utes past 5 o'clock, F. M., the President of the 
United States, at the Executive Mansiou in 
Washington, received the following message, 
dated " at the dinner-table in London, 10.10 
p. M.," of the same day : — 
To Hrs Excellency tbe Fkesident of ths 
United States, WoshiikgUtn. 

A purty of American citizens and of En^ish 
friends of the United States have asaembled at my 
table to celebrate the declaration of American inde- 
pendence, and to meet Mr. Plielpa, tbe American 
minister, at dinner. We have just drunk your bealtl 
and niali you a long, happy, and prosperous li 
a successful admin istration of your high office. 

After giving the names of the diatinguiBhi 
gentlemen present, the message concludes: 

On this memorable anniversary we all return hi 
felt thanks to the Almighty God for tbe blessiuga 
he has vouchsafed to the American government and 
people. Ctkus W. Field. 

The following answer reached its destination 
before the dinner was ended : — 

f "An tiicirifiti bumptr Ib a «miill thin glass tumbler, near 
Icil with wins and elcctriftvd na the botlla. This uhcn brought 

to llio li|» eivcB a, slinuk, if the pnrty be close shaved, and doea not 

breathe on Iho liquor." — Frajikuh. 
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EXKCUTIVB MASgiON, WahIIINGTIIN, D. C, 

Juls 4. 

To Cyrus W, Field, Esq., London, England. 

I receive with Leartfelt gratitude the kind seiiti- 
ments expressed by you aud your assembled guests. 
I ttm esceediiigty pleased to kuow that the hearts of 
our cttizeus now iu your company turn homeward 
with patriotic warmth while they celebrate the anoi- 
versary of American independence, and that, as they 
return thanks for all that God has done for us, they 
are joined by kind friends, who, though illustrating 
the greatness of another nation, can heartily rejoice 
in the success and prosperity of our government and 
people. Grovkr Cleveland. 

When Franklin stretcheil his slender wire 
HcrosB the Schuylkill, the " Fourth of July " 
had no special significance, and, although cha- 
grined thiit he had as yet been unable to bring 
anything out of his experiments of use to man- 
kind, he was probably as far from anticipating 
the possibility of auch an interchange of con- 
gratulations during the progress of a dinner as 
he waa from foreseeing the events which gave 
rise to auch an occasion. 

Curiously enough, he was destined to play 
an important part in the stirring events of the 
succeeding halt-century — events which, in the 
language of John Bright, made the day whose 
anniversary was thus celebrated, " a day of 
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12 A CENTVRY OF ELECTRICITY. 

grief and humiliation to the multitudes in En^ 
land, and a day of exaltation and joy to the mul- 
titude on the other side of the Atlantic;" and 
eTenta of a more peaceful character, which 
helped to make possible the brilliant discoT- 
eriea through which the two nations were after- 
wards united, by a bond affording practically 
instantaneous interchange of thought. 

The history of the advancement of ecienci 
sliows that its progress has not lacked oontiii'^ 
uity. No one man, or no generation of men^ 
can be justly credited with all that is involved 
in any one of the great inventions or memor- 
able discoveries with which science has enriched' 
the world. All have built upon the labors of 
their predecessors, and to understand the com- 
pleted work it is necessary to know something 
of the history of its various stages, A river is 
not best understood by an examination of 
mouth alone, but rather by tracing its sources', 
and its tributaries. So, in attempting to be- 
come acquainted with the principles upon which 
the practice of the electricity of to - day is 
founded, it will be desirable to review briefly 
the early pri^ess of the science, and to trace 
therein the germs of discoveries and inventions, 
that, within less than half a century, have well- 
nigh revolutionized business methods and aimial 
life. ' 
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Electricity, through ita etymology at least, 
traces its lineage back to Homeric times. In 
tbe Odyssey reference is made to the "neck- 
lace hung ■with bits of amber" presented by the 
PhoBiiician traders to the Queen of Syra, Am- 
ber was highly prized by the ancients, having 
been extensively used as an ornamental gem, 
and many curious theories were suggested as to 
ita origiD. Some of these, although mythical, 
were singularly near the truth, and it is an in- 
teresting coincidence that in the well-known 
myth concerning the ill-fated and rash youth 
who so narrowly escaped wrecking the solar 
chariot and the terrestrial sphere, amber, the 
first known source of electricity, and the thun- 
der-bolts of Jupiter are linked together. It is 
not unlikely that this substance w;is indebted, 
for some of the romance that clung to it 
through ages, to the fact that when rubbed it 
attracts light bodies. This property it was 
known to possess in the earliest times : it is the 
one single experiment in electricity which has 
come down to us from the remotest antiquity. 
Frequent references to it are to be found in 
many early writings, and among them is found 
the statement that workmen engaged in grind- 
ing and polishing amber for ornamental pur- 
poses were often seized with a violent tremor in 
their arms and bodies, — a greatly exag^rated 
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jcoQDt of what might have reeulted from rab* 
T Wng the eubstance. Twenty-five hundred years 
ag» Thalea, one of the "seven sages of Greece," 
' knew of it. Descended from the Pltosuician 
kingM, he spent much of his life among the 
prioats of Memphis, from wliom he is thought 
to have derived hia knowledge of this pecuUur 
property of the aubstanue. True to humai 
atincts, he alao undertook to construct a theoiy 
by which to account for it. 

The power of certain fishes, notably what is 
known as the "torpedo," to produce electri- 
city, waa known at an early period, and was 
commented on by Pliny and Aristotle. Ita 
effect in the human body waa recognized, 
and it was thought that some individuals were 
capable of emitting electric sparks and flameB. 
The poBBible value of electricity as a reme- 
dial agent was recognized in these early days, 
and then, as now, most extriiordinary accounts 
of cures effected by its application were cur- 
rent. 

But throughout iiU of these centuries, up tq 
the sixteenth, there seems to have been no at- 
tempt to study electrical phenomena in a really 
Bcientitic manner. Isolated facts which almost 
thrust theniBelvea upon observers, were noted^ 
and, in common with a host of other natura 
phenomena, were jterniitted to stand alone, wit] 
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no attempt at classification, generalization, op 
examination through experiment. 

Electricity as a science is, almost above all 
others, dependent for its development upon ex- 
periment. Naturally, then, it was obliged to 
await the awakening of the human understand- 
ing to the supreme importance of experimental 
and inductive methods, which constitute the 
"great gloiy and distinction of modern philns- 
ophy." This occurred at the close of the six- 
teenth centuiy, and it is commonly assumed 
that it was left for a distinguished lawyer and 
profound jurist to reveal to philosophers the 
true principles of philosophy. 

Almost contemporaneous with Bacon lived 
William Gilbert, of Colchester, first physician 
to Queen Elizabeth, and one of the most ex- 
traordinary men of his time. In the preface to 
hia great work, " De Magnete," be denounces 
in vigorous teiros the methods of "philosophiz- 
ing" then in vogue, expressing sentiments and 
using language strikingly similar to those of 
Lord Biicon. His work is often referred to as 
the "first-fruits of the Baconian or experimen- 
tal philosophy;" but Gilbert died when Bacon 
was barely thirty years of age, and long before 
the publication of the "Novum Organiun." 
Dr. Gilbert can jnstly be called the creator of 
the science nf electricity and magnetism. Hia 
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experiments were prodigioos in number, and 
many of his conclusions were correct and last- 
ing. To him we are iudebted for the name 
" electricity," which lie beatowed upon the 
power or property which amber exhibited in at- 
tructing light bodies, borrowing the name from 
the substance itself, in order to define one of ita 
attributes. He constructed a reiil electroscope, 
consisting of a light needle resting on a point, 
and by its use discovered that the power of 
attracting light bodies did not belong to amber 
alone, but that it was possessed by many other 
Bubstancea when they were properly excited. 
He examined into the conditions favorable or 
unfavorable to the production of electrical phe- 
nomena, and discovered the inSiieuce of a tnoist 
or a dry atmosphere. 

This application of experiment to the study 

of electricity, begun by Gilbert three hundred 

years ago, was industriously pursued by those 

who came after him, and tlie next two centuries 

witnessed a rapid development of the science. 

Among the earlier students of this period were 

the English philosopher, Robert Boyie, and the 

celebrated burgomaster of Magdebui^, Otto 

von Gueriolte. The latter first noted the sound 

light accompanying electrical excitation. 

B were afterwards independently discov- 

by Dr. Wall, an Englishman, who made 
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the somewhat prophetic observation, "This 
light and crackling seems in some degree to 
represent thunder and liglitning." Sir Isaac 
Newton made a few expwriinenta in electricity, 
which he eshibited to the Royal Society. He 
did nnt, however, allow hia interest In them 
to divert his attention from liJs other studieB, 
although he made electricity the subject of 
several of bis famous " Queries." Fnincig 
Hawkabee was an active and useful contributor 
to experimental investigation, and be also called 
attention to the resemblance between the elec- 
tric spark and lightning. 

The most ardent student of electricity in the 
early yeiirs of the eighteenth century waa 
Stephen Gray. He performed a multitude of 
experiments, nearly all of which added some- 
thing to the rapidly accumulating stock of 
knowledge, hut doubtless his most important 
contribution waa his discovery of the distinc- 
tion between conductors and non-conductors. 
In endeavoring to see how far the "electric 
virtue," as he termed it, could be carried or 
transmitted, he had at first confined himself to 
its transmission in a vertical direction by means 
of suspended cords, rods, etc. The available 
distance in this direction being limited, he un- 
dertook to use horizontal lines of transmission, 
in which he Bometimea succeeded and some- 
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times failed. He finally sapported tua lines by 

Ri«ai)B of silk thread, by which means li« was 
more hucceasful than with other supports, "on 
Account of its sraallneBs," as he thoaght and 
declared. On one occaBioa the silk thread 
broke under the weight of his long line, and be 
BubaUlnted a metal wire, when, to his surpnse, 
he waa unable to produce the slightest electrical 
t-ffect at the distant end. He waa at once led 
to believe that the " virtue " had leaked out 
through the metal, and that the Bmallnesa of 
the Hilk waa not the reason of its effectiveness. 
The division of bodies into conductors and non- 
conductors, arising out of this experiment, con- 
■titnti^d a decided advance for both theory and 
practice. Gray also prepared two oak blocks, 
one solid and the otlier hollow, and by experi- 
menting upon them found that the hollow block 
wan electrified as ciisily and as strongly aa the 
other. He electrified a soap-bubble, and also 
a lM)y who was suspended by hair ropes, and 
found that the human body waa capable of 
exhibiting electrical phenomena. 

Some of Gray'a papers toll into the hands 
of Uufay, an oilicer of the French army, wlio, 
after several years' service, had resigned hia 
pnst to devote himself to scientific pursuits. 
Hit ri'peated many o( the experiments described 
by the Englishman, and became an enthusiastio 
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student of tlie science. His work shows ^kbA 
acuteness of iniud, »s well as remarkable ex- 
peritnentiil skill. He made a critical examina- 
tion of H curious es|ierimeiit made by Gray, in 
ivliicli it appeared that, the color of bodies in- 
fluenced tLeir susceptibility to electrical dis- 
turbance. His observations at firet st^emeii to 
confirm the conclusion reached by Gray ; but 
he possessed the ingenuity to devise a crucial 
test, wbich consisted in arranging a number of 
pieces of the same cloth, originally white, but 
made to appear of different colors by throwing 
different parts of a prismatio sjiectrum upon 
them. He found that they then exhibited no 
differences, and afterward proved that such va- 
riations as had appeared were to be attributed 
to the coloring-matter employed in the process 
of manufacture. His most important discovery 
was the existence of two distinct species of 
electricity, which he named " vitreous" and 
"resinous;" the first being applied to that 
wbich exists on glass when it is rubbed, and 
the second to that of amber and other resinous 
substances. In this observation he anticipated 
Mr. Kinnersley, who was the friend and asso- 
ciate of Franklin ; but Kinnersley immediately 
recognized, what Dutay had failed to see, the 
identity of these two electricities with Dr. Frank- 
lin's positive and negative charges. 
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As has 80 many times happened in the history 
of scientific discovery, it seems tolerably certain 
that this interesting device was hit upon by sit 
least three persons, working independi-ntly of 
each other. One Cnneua, a monk named 
Kleist, and Professor Miiachenbroeck, of Ley- 
den, aie all accredited with the discovery; hut 
the name of the city in which it was earliest 
exhibited and experimented with ia UiHt by 
which it has ever since been known. Dy ita 
use. electricians were immediately able to work 
upon the mysterious " virtue " or " eflluvia " in 
larger quantities, and to produce effects entirely 
unknown before. Sir William Watson per- 
fected it by adding the outside metallic coating, 
and was by its aid enabled to fire gunpowder 
and other inflammables. In company with a 
number of Fellows of the Royal Society, lie used 
it in making experiments upon the velocity 
with which electricity was transmitted through 
metallic condnctoi-s. They suc(--eeded in send- 
ing it through a wire more than twelve thou- 
sand feet in length, and reached the conclusion, 
that, so far as they were able to determine, its 
transmission was instantaneous. 

About the beginning of the year 1747, Peter 
Collinson, of London, a Fellow of the Jtoyal 
Society, sent to his friend Benjamin Franklin, 
in Pliiladtlphia, wlmt the latter called an 
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" electrical tnbe," with instractions for nsing it. 
Soon after teceiviog it, Franklin began h Beries 
of experiments, resulting in discoveries "the 
extent and brilliancy of which," According to a 
celebrated English authority, "gave a form 
Mtid dignity to the science of electricity which 
it had never before possessed, and raised their 
author to a high r.iuk among the distingnisbed 
philosophers of the eighteenth century.'' On 
Maroh 28, 1747, he wrote to Mr. Collinson, 
saying, " For my own part, I never was before 
engaged in any study thsit so totally engrossed 
my attention iind my time, for what with mak- 
ing experiments when I can be alone, and re- 
peating them to my friends and acquaintance, 
who, from the novelty of the thing, come con- 
tinually in crowds to see them, I have, during 
some months past, had little leisure (or any- 
thing else." 

The results of and deductions from these ex- 
perimenta were communicated to Mr. Colliuaon 
in letters transmitted to him from time to time. 
These were read to the Royal Society, but they 
did not at fiisfc meet with a cordial reception. 
Some were laughed at, and none were thought 
worthy of pubiiuation in the Transaetiona of 
the Society until electricians in other countries, 
and notably in France, had repeated the exper- 
iments, and acknowledged the genius of their 
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author. They were, however, published in 
London, and. at the instigation of Buffon, trans- 
lated into French ; in which language they met 
with a juatev appreciation than in the English, 
iu which they were written. The Royal So- 
ciety was soon obliged to retrace its steps in 
the matter; and in the Transacuons for 1751 
appears a fair and favorable account of Frank- 
lin's experiments np to that time, prepared by 
Sir William Wiitson. In the way of making 
the amende honorable, this account conciiidea as 
follows : — 

On the whole, Mr. Franklin appears in Lliia work 
in tlis light of a very able and iiigenionE man ; that 
he had ii head to conceive anil a hand to carry into 
executiou whatever he tiiought might conduce to en- 
lighten the subject of which he was treating ; and 
though there are in this work eome few opiiiiouH in 
which Mr. W. could not perfectly agree with hini, he 
lYton^it scarcely any bod ywas better acquainted with 
the sub/ecl of electricity than Mr. F. was. 

In justice to the society it ought to be added, 
that, on the occusion of his visit to Europe in 
1755, Franklin was received by its members 
with every honor, was elected a fellow, the pay- 
ment of dues being remitted, the great Copley 
medal was bestowed upon him, and the Trans- 
actions of the Society were sent to him without 
expense during the remainder of his life. 
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Franklin's contribution a to the science of 
[ dectricity were numerous and comprehensive. 
His experiments were wisely planned and skil- 
fully executed. His discussion of piiuciples 
and his elaboration of hypotheses were charac- 
terized by that simplicity and clearness which 
miide his writings upon all subjects the admira- 
tion of his own and future generations. He 
was the first who made au investigation of the 
Leyden jar which was hit all satisfactory. In 
experimental work lie improved both methods 
and instruments. The discovery which gave 
him the greatest fame was that of the identity 
of lightning and electricity ; and his immediate 
use of the known laws of electricity, principally 
those of which he was himself the discoverer, 
in the invention of means for protecting build- 
ings from damage by lightning, stands singular 
and alone as the only really useful application 
to the affaira of every-day liff- of centuries of 
atndy and experiment. The germ of this dis- 
covery seems to have existed in his mind dur- 
ing tlie year 174!) ; and under date of Novem- 
ber 7 of tliat year the following passages occur 
in hia note-book : — 

Electrical fiiiid agrees with lightning in these 

particulars : I. Giving light. 2. Color of the light. 

8. Crooked direction, 4. Swift motjon. 5. Being 

' conducted by metals. 6. Crack or noise in explod- I 
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It«nding 



(HOW wlieiher this property 
s they ^ree in all the par- 
ilrFQdy compare them, \a it 
likevrise in tliia? Let the 



ing, 7. Suhsisting 

bwties it passes through. 9. DeBtroying animnls. 10. 

Melting me laU II. Firing inflammable suUtances. 

12. Sulphureous smell. The electric Huiil is attracted 

liy points, — we do no 

ia in lightning. Hut si 

ticuUrs wherein we car 

not probable they figri 

rxperiment be made. 

Shortly after lliis. the hypotheais wiis t-lab- 
orated and comraunicated to hia fiieiid Mr. 
ColHnsoii. This account of it reaclietl France 
in the manner already deaeribed, where it at- 
tracted much attention. It is not generally 
known that his suggeBted experiment of draw- 
ing electricity from the clonds was not first 
tried by himself, but by Monsieur D'Alibard 
at Marly on May 10, 1''52. A few days later 
it was Buccessfnily repeated by M. de Lor in 
Paris. The results of tlieee trials were commu- 
nicated to the Royal Society by Mazeaa, who 
added, that the " Philadelphian experiments 
were so nniversally admired that the King him- 
self desired to see them." They became the 
sensatioQ of the time, and were repeated wher- 
ever electricity was studied." 

Franklin's original plan for drawing electric- 
ity from the clouds was to place a man in a sort 
of aentry-box, insulating him by means of a 
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cake of ^;ix, imd putting him in connectioa 
vith an iron rod wliinh extended many feet into 
tliQ air. If the expertm<;nt succeeded, sparks 
might be dr^wn from the man. He did not 
appear to tliink that the person thus experi- 
mented upon might possibly be in danger; but, 
suspecting that soma might be apprehended, he 
iifterward suggested Blight modifications id the 
experiment, to secure his safety. The arrange- 
ment which he proposed is shown in the cut, 
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which is an enlargement of that accompanying 
his original published paper. Franklin himself 
afterward performed the experiment by means 
of a kite, a description of which he txans- 
mitted to the Royal Society under date of 
October 19, 1762, in whicli he modestly relates 
an experience which was destined to enjoy a 
lasting fame. 

Among the cultivators of the science of elec- 
■tricity during this periocl, the distinguished 
Gei-man philosopher, iEpinus, must be inen- 
tioued, as well as the equally distinguished 
Engtiahman, Henry Cavendish. The latter was 
the first to make siccurate experiments upon 
the relative conducting powers of diEEorent sub- 
stances, and also the first to study the chemical 
effects of electricity, which were afterwards to 
grow into such importance. He exploded mix- 
tures of oxygen and hydrogen by means of the 
electric spark, and, by varying the proportions, 
obtained such a combination that nothing bnt 
water was the result, thus proving the compo- 
sition of this substance. 

Finally, reference must be made to the work 
of one of the ablest experimental philosophers 
of the age, Charles Auguatin Coulomb. To 
him the science is indebted for the discovery 
and proof of the law of electric attraction and 
repulsion. By means of a aeries of experiments 
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exhibiting maryelloDa skill and ingeBuity, he 

showed th^t tlie force exerted was, as Newton 
had found the attraction of gravitation, inversely 
proportional to the square of the distance. The 
methods lie devised were of such value that 
many of them are still employed in the moat 
precise quantitative researches. 

From this brief and inadequate reriew it is 
hoped that the reader may be able to form a 
fairly correct estimate of the amount and value 
of the development of the science up to the be- 
ginning of the present century. It will be seen 
that great activity prevailed during the eigh- 
teenth century, and that the stock of accumu- 
lated knowledge was enormously greater than 
all that had existed prior to the time of Gilbert, 
But the student of the electricity of Gilbert, 
Gray, Franklin, and Coulomb, cannot fail to 
note that their knowledge was still in a great 
degree unclassified, and hence unscientific. It 
consisted largely of a considerable collection of 
experiments, often brilliant and ingenious, often 
isolated and nnrelated, and was far from being 
the compact, orderly, and almost exact science 
of to-day. Aside from Franklin's lightning- 
rod, it contributed nothing of practical value to 
the people at large. 

The mysterious nature and behavior of the 
"electric virtue," however, had inspired many, 
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even among scientific men, with the belief that 
it was destined to be of great service aa a 
mediciDal agent. Almost from the beginning 
of ita experimental study, the moat marvellous 
and extravagant accounts of ita curative powers 
were spread abroad. The Italiau and German 
philosophers seemed to be the most successful 
in its application ; and their narratives of cures 
and other performances were so extraiirdinary, 
that the Abb^ Nollet, after having himself 
failed in all his attempts to imitate them, un- 
dertook a tour to Italy and elsewhere with the 
express purpose of learning the exact cnnditiona 
necessary to success. One of these eKjjerimenta, 
that attracted great attention for a time, was 
that known as the " beatification." It con- 
sisted in an electrification of the human body 
such that " the man's head is surrounded by a 
glory, such a one in some measure i\s is repre- 
sented by piiinters in their ornamenting the 
heads of saints." It was supposed to be accom- 
plished by the use of electrified globes or bot- 
tles ; and Professor Boze, the author of the 
experiment, discourses ingenuously upon the 
fact that one man may be beatified and another 
may not, and that, while sometimes a rnan will 
be beatified by one globe in two minutes, at 
another five or six globes will fail altogether 
in bringing it about. All of these marvellous 
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9 were rigidly ioTestigsCed hy NoOet. and 
I is hardly necessary to aay chat tfaey were 

ind to be entirply witfaont foundadoa. Had 

utlilin's "electrilicHi bumpers" been mude 
lue oi, the " beatifiunttijn " experiment might 
have been mora guneniUy sncceseful. 

Franklin, who hod experimented apon the 
effect of electricity on animals, and had gener' 
ally aaeceeded in killing his aubj*,!, appears to 
have had little faith in its medicinal use. He 
speaks of its having been imagined in America 
that deafness could be relieved by its use. and, 
cijnceming a proposal to apply it to the eyes 
"to restore dimness of sight." be remarks tliat 
"it will be well if perfect blindness be not the 
conaeqaence of the experiment." He also re- 
fers to the danger Ukely to arise in its indis- 
crimina.te use by people who do not understand 
Ha effects. 

The golden age is, always was, and doabtleas 
always will be, the present ; yet it would seem 
that, without any loss of dignity, the present 
tnighl: learn from the mistakes of the past, and 
tran.tmute its foolishness into wisdom. The 
advertising columns of the periodicals of the 
present time furnish incontestable evidence, 
however, of the fact that the people of to-diiy 

telcome mystery and deception, if not reoog- 
I2ed fraud, just as readily and with as much 
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self-satisfaction as did their ancestors of a hun- 
dred years ago. 

Very near the close of the eighteenth century 
an Italian philosopher made an observation so 
new and so novel that it at once set the elec- 
tricians upon a new track. It was the begin- 
ning of what may be called the New Electricity, 
and, as its development practically began with 
the new century, its consideration will be de- 
ferred until the next chapter. 







CHAPTER a 



aAI.TAa:i, TOLTA. THE BATTKBT AND THK 
KLBCTUC crSKBST. 

Thk vorid will perhaps nerer know with cer- 
tainty to what extent it ia indebted to « woman 
(or tbe iDangoiatiaB of tbe new era in electri- 
cal experiment and Reearch. A hoBdred years 
ago, September 20, 1786, Galvani, aa Italian 
physician, saw, in tbe twitching of the legs of 
a frog, the beginning of modem electricity. It 
is difficalt to anderstand how tbe circnmstances 
attending so important a diaooreiy shoald in 
itny way be inrolTed in obecnrity. bnt. never- 
theless, snch is the case. Several high authori- 
ties, inclading the eulogist of GalTani, M. Ali- 
bert, bare given weight to the pleasant story in 
which it is related that the wife of the philoso- 
pher, being in a declining state of health, "em- 
ployed as a restorative, according to the costotn 
of the conntrj-, a soup made of frogs." The 
i^nlinary and phil^ isophical operations of Oal- 
vani'a establish ment not being completely <lif- 
itiatfd, Bevcral of these auim;ils, after being 
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prepared for the former, were placed on a table 
on which tlie latter was represented by ait elec- 
trical machine. While the machine was in 
operation, one of the frnga was accidentally 
touched by a knife in the hands of an assist- 
ant, and the muscles of the limb were instantly 
thrown into strong convulsions. This fact whs 
observed by the lady, who communicated it to 
her husband on his return. 

The editor of Galvani's works, published in 
1841 by the Academy of Sciences of the Insti- 
tute of Bologna, Sylvestro Gherardi, discredits 
this story entirely, and indignantly labors to 
put a quietus upon it, although he quaintly 
adds in a foot-note : " In this connection we do 
not wish to deny that (ralvani might not, on 
one or more occasions, have had frogs in his 
hands vrith the amiable intention of himself 
preparing broth for his adored spouse." Gal- 
vani'a own account of the experiment is con- 
tained in the opening paragraph of his work, 
" De Viribus Electricitatis Artificialis in Motu 
Musculari," and is essentialiy as follows : — 

I dissected a frog, and prepHred it as in Fig. 2, 
Plate v., and, putting it on the table on which wbb 
the electrical machine (Fig. 1) I placed it wholly 
disconnected from its conductor, and separated from 
it by an internal not short. One of those wlio were 
aSBistiDg me in the work lightly touched by accidi^iil. 
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with the poiDl of the scalpel, the internftl nerves D D 
iu the legs of the frog, nheu all at ottce every muscle 
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Gilvanl's Vig. 3, Plnle V., wi(h autogmpb. 

of the joints was seen to be conCrncteil, so that they 
seemed to have fallen into the most vehement and 
violent convulaionB. 

It uppearB to be tolerably well established that 
Galvaiii was long engaged in the iDvestigntion 
of the efffct of electricity upon the muscles of 
iinitnala, and that he gave especial attention to 
its infliiciice upon the frog, which, owing to its 
extreme sensitiveness to electric disturbances, 
was well caicnlated to he the means of leading 
liitn to the discovery which has forever fixed 
his name in the nomenclature of the science. 
It seems that some of these animals were sas- 
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peiided on an iron ratling by means of cop- 
per hooks, and that their luuecles occasionally 
twitchtid when there was no apparent electrical 
disturbance in their vicinity. This was the 
observation of prime importance, and it is re- 
corded as having been miide on the date men- 
tioned above. It did not become generally 
known, however, until about 1790, when it im- 
mediately attracted the attention of students of 
iitectricity in all countries. 

Galvani believed that the animiit was ilselF 
the source of the electricity, and that the con- 
necting pieces of metal acted only as conductors. 
Thus arose the term "Animal Electricity;" and 
by many who doubted the identity of the new 
and the old the word "galviuiiam" was used, — 
a name which held its place so tenaciously that 
it has been only recently dislodged. 

Among those who took a deep interest in 
Galvani's discovery was another Italian philos- 
opher who was destined almost to wrest from 
hia countryman the honor of having created a 
new science. Although descended from an an- 
cient and honorable family, Volta exhibited in 
his youth a very slow development of intellec- 
tual powers, — a fact ascribed by hia friends to 
his having been placed in the care of a foolish 
nurse. His earliest exhibition of talent was in 
making poetry, from which he easily and rap- 
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rose to a position of great distiocLion as a 
man of science, and he especially cultivated 
the science of electricity. Galvani'8 discovery 
found liim in the prime of life, well trained for 
observation and experiment; and, indeed, he 
had already mnde some notable contributions to 
the knowledge of electricity then existing. 

Id 1793 he communicated to the Royal Society 
of London an account of some discoveries made 
by M, Galvani, to which he added many curious 
and valuable observations of his own. He did 
not agree with Gulvani in the view held by the 
latter aa to the origin of the new electricity. 
He found that two different metals were essen- 
tial to the successful performance of the ex- 
periment with the frogs' legs, and he attributed 
the appearance of electricity to the disturbance 
of the electric equilibrium brought about by 
the contact of the two different metals. He 
enunciated the general pi-oposition, that, when- 
ever two different metals are placed in contact, 
one will become positively and the other nega- 
tively charged. This was the first statement 
of what is known as the "contact theory" of 
the voltaic cell, and to this theory Volta clung 
persistently. 

Later on, when the chemicnl action of the 
voltaic current came to be studied, and espe- 
cially when the chemical action going on in the 



TBE BATTEHT AND TEE CURRENT. 37 

oell came to be underetood, what ia known as 
the "cbemical theory" was advocated, in which 
the seat of the electromotive force of the cell wns 
affirmed to be in the chemical affinity existing 
between its elements. The advocates of this 
theory generally denied that any electrical sep- 
aration or disturbance of electric equilibrium 
took place on the contact of two dissimilar met- 
als. The conflict between these two hypotheses 
has continued, with intermittent vigor, from that 
day to the present. Strong arguments in favor 
of the chemical theory have been furnished by 
Fivraday, De La Rive, Becquerel, and others, 
while Volta has been sustained by Sir William 
Thomson and several eminent electricians of 
continental Europe. Although the subject has 
received much iittention from tlie ablest author- 
ities of the present century, it seems safe to 
say that the real seat of the electromotive force 
of a voltaic battery is not yet known. 

The battery, or " pile," was Volta's great 
contiibution to the science. For many years it 
afforded the only means of generating electricity 
in considerable and manageable quantities. By 
its use many of the most remarkable discoveries 
were made. In various forms its practical ap- 
plications have become so extensive and so 
common, that it is probably the best known of 
all electrical instruments. Its invention evi- 
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dently came to Volta through his reflections 
iijiDii the contact theory. Believing that elec- 
trical sepai'ation takes place when two dissimi- 
lar metals come in contact, he thought to mag- 
nify the effect of a single pair by increasing 
the number. Pairs o( dissimilai- metals of like 




ToUa'i pile. Copied from a tut pi 



dimensions were bound together by placing a 
tiiin, moist substance between consecutive paira. 
Disks of metal, consisting of silver coins and 
pieces of zinc, and moistened paper, were used, 
iind, when put together, the pile was formed aa 
shown in the figure. When this was done, he 
found it no longer necessary to use so sensitive 
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an electi'oacope as the legs of a frog to detect 
the elfctrifii'ation. He could himself feci the 
shock it produced on tmiching the opposite es- 
tremitieB of the pile, a.iid immediately convinced 
himself of the identity of eleetvicity and the 
an-called galviiuiBm. All of the characteristic 
effects of electricity aa produced by friction 
upon gliisa, sulphur, and other substances, could 
bb shown by the new instrument. Ha trans- 
mitted an account of his discovery to the Royiil 
Society of London in a letter fo Sir Joseph 
Banks; it soon became widely known, and was 
the sensation of the time in scientific circles, 
and, indeed, everywhere. 

It is interesting to note how nearly an Eng- 
lishman, Professor Robinson, came to hitting 
upon the same invention, in noticing a peculiar 
sensation of taste which is excited by touching 
the tongue upon the edges of a number of plates 
of silver and zinc when placed alternately upon 
each other, — an observation which he made 
and published before the date of Volta's dis- 
covery. Volta modified the form of his appa- 
ratus by placing the two dissimilar metals in 
cups of water, and then joining them together 
by metallic conductors, thus putting his battery 
in a shape which it has retained, practically, to 
the present day. But he seems to have reaped 
very little of the harvest which was from that 
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time in store for the cultivators of electricity. 
Hia principal interest was in the vindication 
and eatKblisIiment of his contact theory, to 
which task he devoted himself almost exclu- 
sively for the remainder of his days. 

After the invention of the battery, and be- 
ginning witli this century, the progress of tlie 
science was extremity rnpid. A series of brill- 
iiint discoveries followed within a few years, 
which at that time were as notable, and many 
of them as far-reaching, as those moi-e recent. 
One of the earliest and most important of these, 
because it opened up an entirely new field of 
research, was the decomposition of water by 
means of the battery, — an experiment first 
made by two Englishmen, Messrs. Nicholson 
and Carlisle. It formed the groundwork of 
nearly all that was accomplished during the 
first twenty years of the century, and ia worth 
describing in Mr. Nicholson's own words. He 
says : — 

On tlie 2d of May ()800) we inserted a braan 
wire through each of two corks inserted in a glass 
tube of liiilf an inch internal iHameler. The tulie 
Riled with new river-water, and the distance he- 
rn the points of the wires in the water was one 
inch and three quarters. Tliis compound discliavger 
.pplied so that the external ends of its wire 
were in contact with the two extreme plates of a pile 
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X half-crowiiH, wilh the corresponding 
pieoea of zinc aud pastebourd. A flue slream of 
minute bubbles immediatuly lie^rnu to JIoiv from tbe 
point of the lower wire in the tube which coramuiii- 
CBted with tbe silver, aud the opposile poiot of llie 
upper wire beciime lamished, flrst deep orange, and 
then black. Ou reversing tbe tube, the gae came 
from tbe other point, which was now lowest, while 
the upper in its turn became tarnished and black. 
. . . The products of gag during two hours and a 
lialf was two thirtieths of a cubic inch. It was then 
mixed with an pqunl qnautity of common air. and 
exploded by the application of a lighted waxeu 
thread. 



PJatimim was used iusteud of tbe bru^s wires, 
and gaa was liberated at both poles. When 
collected Bepai'at«ly and exauiiiied, one proved 
to be hydrogen, and the other oxygen. Other 
experimeDters substituted salts of copper and 
lead for the water, and found in each case that 
tbe pure metal was deposited at one of the poles. 
Tbeae were the beginnings of electro-cbemiBtry. 

Among the many who became interested in 
the new science was a young Englishman named 
Davy. He was a man of marked ability and 
varied attainments. Coleridge described him 
lu ^^the individual who would have established 
himself in the first rank of England's living 
poets, if the genius of our country had not de- 
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tliat he should rather be the first in the 
first rank of ils philosophers and 8cienti6c bene* 
fuctors," Appointed experimental chemist of 
the Royal Institation, London, in 1801, be im- 
mediately began a series of splt^ndid discoveries 
wbicb did much to establish the fame of thu 
institution, founded a little earlier by Count 
Itumford, snd which made the name of Sir 
Humphry Davy more widely known than that 
of any other scientific man of the age. 

Davy studied the theory and operation of the 
pile, but the major part of his important dis- 
coveries were really contributions to chemistry, 
made possible by the use of the electric current. 
They were b:ised upon a most valuable observa^ 
tion by Hisinger and Berzelius, who noted, 
that, when the current decomposed a neutral 
Bait or an oside, the oxygen and acid were car- 
ried to the positive pole, and the base to the 
negative. 

In this connection it is important to notice, 
that, in the earlier construction of the pile ot 
battery, Volta's contact theory was strictly ex- 
emplified. In putting the plates together, the 
order — copper, zinc, fluid ; copper, zinc, fluid ; 
and so on — was adhered to, the series begin- 
ning with copper aad zinc, and ending with the 
same. Erman of Berlin pointed out that ihe 
presence of the copper at the beginuing, and 
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the zinc at the end, miglit be dispensed with, 
and that it was proper to say that the zinc end 
was the negative pole, and the copper end the 
positive. The same observation was made by 
Dr. Priestley, who at this time was experiment- 
iiig in America. This explanation will account 
for an apparent error in Kicholson'a description 
of hia experiment, already quoted. 

Davy saw in the voltaic battery a new and 
powerful means of producing decomposition. 
After experimenting extensively on already rec- 
ognized compounds, he ventured to attack the 
so-called "fixed alkalies," whose composition 
was unknown. By greatly increasing the power 
of his batteries, and varying his arrangements 
ill many ways, he was finally victjarious. Tliis 
famous expeninent of October 6, 1807, he de- 
scribed as follows : — 

A small piece of pure potash which had been ex- 
posed for a few Geconde to the atmosphere, so as to 
give condacting- power to the surface, was placed 
upon an insulated disk of platina, connected with the 
negative side of the buttery, of the power of 250 ot 
6 nod 4, in a state of intense activity ; and a platina 
wire comniutiicaiiiig with the positive side was brought 
into contact, with the upper surface of the alkali. 
Tfie whole apparatus was in the open atmosphere. 
Under these circumstances a vivid nctiou was soon 
observed to take place. The potash began to fuse at 
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both its points of eleetriiation. There was a violent 
effervescence at the upper surftice : at the lower or 
negntive surface there was iio liberation of elastic 
fluid ; but gmall globules, having a bright metallic 
lustra. »nil being precisely similar in visible chftracters 
to quicksilver, appeared, some of which burst with 
explosioD an<t bright flame as soon as thej were 
formed, and others remained and were merely tar- 
nished, and finally covered by a white film which 
formed on their surfaces. 

These smiill globules, with bright metallic 
lustre and resembling quicksilver, were globules 
of the inetal base of potash, never before seen, 
and Tvbich Davy named " potassium." By a 
similar process sodium was obtained from sodn; 
and with great rapidity barium, strontium, cal- 
cium, and m^neaium followed, and other more 
refractory compounds were attacked and con- 
quered. 

These decompositions so successfully accom- 
plished by Davy must ever be regiirded as con- 
stituting an epoch in the history of physical 
science. They were not only brilliant in thdr 
own right, but rich in the promise which they 
gave of the value of the new electricity in 
chemical research. They were at once repeated 
and extended by the most eminent chemists of 
the day, and with such important results that 
for nearly twenty years almost the sole use of 
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the electric carrent was tor ptirpoees of deconi- 
poBition. But it was found to produce another 
effect, quite distinct from that referred to above, 
and calculated equally with that to attrai^t the 
attention of the curious aa well as to court in- 
vestigation by the philosopher. 

In the previous chapter frequent reference 
was made to the heating jmw^erof the older elec- 
tricity, through which ignitions were brought 
about, metallic wires were melted, and so on. 
About ttie time that Davy was beginning hia 
experiments, it was observed, probably first by 
Trommsdorff, that the voltaic current was capa- 
ble of producing similar effects. The first exper- 
iment was made by attacliing a piece of gold- 
leaf to one pole of the battery, and touching it 
with a wire connected to the other. The gold- 
leaf was rapidly consumed, producing beauti- 
fully colored Barnes. By improvements in the 
form of tlie battery, and especially by increas- 
ing its dimensions, very powerful heating effects 
were produced: long wires of iron, platinum, 
and other refractory substances, were fused. 
An experiment suggested by Dr. WoUaston 
gave a result which was at that time extremely 
GuriouB, but which will receive its full explanar 
tion later on. It was that a greater length of 
thick platinum wire was ignited than another 
of the same substance but much smaller in 
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diameter. Duvy did not neglect tbiB beating 
power of the battery, and it is atEimed that be 
produced the electric ligbt from carbon on a 
small Bcale aa early as 1802. The remarkable 
discoveries wbich be bad succeeded in making 
by the use of Lis battery of 250 cells produced 
such enthusiasm among all luvers and patrons 
of science, that he was enabled to continue his 
reaearchea, assisted by one of the moat power- 
ful liatteries ever constructed. It was erected 
in the Royal Institution, and consisted of 2,000 
cells, with a total surface of 128,000 square 
inches. The metals of this battery were I'Opper 
and zinc, and the liquid was a mixture of water, 
and nitric and sulphuric acids. When it was 
put in action the effects were e.ttraordinary. 
They are described by Davy as follows : — 

When pieces of charcoal about an inch long and 
one Bisth of an inch in diameter were brought near 
each other (within the thirtieth or fortieth of an 
inch), a bright spark was produced, and more than 
half the volume of the charcoal became ignited to 
whiteness; and, by withdrawing the pointe fmiii each 
other, a constant diacharge took place through the 
heated air, in a space equal to at least four iDches, 
producing a most brilliunt ascending arch of light, 
broad and conical in form io the middle. When any 
Bubslance was introduced into this arch, it InstaDtly 
became ignited ; platitia melted as readily in it ai 
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wax Id a common caii<^1e; quartz, the sapphire, mag- 
nesia, time, all ealered ioto fusioD ; rrau;mentB of dia- 
monii and points of charcoal and plumbago rapidly 
disappeared and seemed to evaporate in it. even 
when the connection waa made in a. receiver ex- 
hHUHted by the air-pump; but there was no evidence 
of their having previously uodergone fuBion. When 
the communicntioi) between the points positively and 
negatively electrilied was made in the air rurefied in 
the receiver of the air-pump, the distance at which 
the discharge took place increased as the exhaiistion 
was made; and, tvlien the atmosphere in the vessel 
sapported only one fourth of an inch of inercnry in 
the barometrical gauge, the sparks passed through a 
space of nearly halt an inch ; and, by withdrawing 
the points from each other, the discharge was made 
through six or seven inches, producing a most brill* 
iant coruscation of purple light; the charcoal be- 
came intensely ignited, and some platina wire at- 
tached to it fused with brilliant scintillations, and fell 
ID large globules upon the plate of the pump. All 
the phenomena of chemical decomposition were pro- 
duced with intense rapidity by this combination. 
When the points of charcoal were brought near each 
other in non-conducting fluids, such as oils, ether, and 
oxymuriatic compounds, brilliant sparks occurred, and 
electric matter was rapidly generated i and such waa 
the intensity o£ the electricity that sparks were pro- 
duced, even in good imperfect conductors, such as the 
nitric and sulphuric acids. When the two conduc- 
tors from the ends of the combination were connected 
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with a Leyden battery, one with the internal, th« 
other with the external coating, the battery in- 
siHiilly became charged, and on removing the wires 
anil maitiMg the proper connectionB, either a sliock or 
a spark could lie perceived; and the least possible 
time of contact naa baliicient to renew the charge to 
its full intensity. 

This celebrated experiment, made before 
niembera of tlie Royal Iiiatitution in 1810, was 
the firBt production and exhibition of the elec- 
tric current and the electric light on a large 
scale. It is easy to conctiive how public expec- 
tation muat have been excited by auch a result, 
but more than half a century elapsed before 
these expectations could be realized. 

Davy's appai-atiis consisted essentially of two 
parts, — the battery, for the production of elec- 
tricity; and the lamp or carbon rods, for con- 
verting the energy of the current into heat and 
light. The battery was as described ; and the 
lamp, it such it may be called, consisted, accord- 
ing to his own account, of two rods of common 
eharcoal. The system was weak and imperfect 
in both of its elements ; and many years, filled 
with the labor of many men, were necessary to 
bring it to anything like perfection, Altliough 
the germ of success was in it, it does not appear 
that any special effort to develop it was made 
for a long time. So many problems of interest 
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were cnnstantly presenting tliemBelves to stu- 
dents of electricity that they were not tempted 
to turn aaide to consider its practicid applii'a- 
tionB; and, indeed, the materials for the com- 
plete floiution of the problem of lighting by 
electricity were not yet at hand. 

In the mean time improvements in the form 
and construction of the battery were being 
made, iu reeponee to constant demands. Aa 
long aa it retained the construction aubatan- 
tially giver to it by Volta, coiiaiatlng of a sin- 
gle liquid or mixture of liquids in which two 
metals were immersed, it posaessed certain grave 
faults which rendered its uee extremely incon- 
venient. In order to understand the nature of 
these faults, aa well as the remedies that have 
been successfully applied, it will be desirable to 
consider somewhat thoroughly a few points iu 
regard to the action of a battery. 

Some very interesting observations on this 
action were made shortly after the discovery of 
tbe pile. In the earlier forms a large number 
of pairs were used, and, as already related, the 
physiological effects produced by touching the 
poles were similar to those of what was then 
known as "common" electricity. Experiment 
proved that the so-called " galvanism" was sim- 
ilar to this electricity in many other respects : 
it produced divergence in the leaves of a gold- 
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"leaf electroscope ; Leyden jare were cliarged by 
it; sparks were produced by it; in short, it 
seemed clear that the two extremities of the 
pile or battery were in opposite states of elec- 
trification, one being p'winve and the other 
negative, and tliat they acted as any other op- 
positely electrified bodies would act. The bat- 
tery, however, differed remarkably in two le- 
Bpects from ail previously known devices for 
producing electricity. In the firat place, the 
differencw in the electrification of the two poles 
was extremely feeble; that is to say, the differ- 
ence in the electrical states of a glass rod and 
a bit of silk, after a few strokes of the one on 
the other, is aeverHt thousand times greater 
than that of the two poles of a single battery- 
cell. It was soun discovered that this " polar 
difference," or intensity of electrification in a 
battery, depended on the number of pairs or 
cells, and not at all on their size. As most of 
the effects of the pile first studied depended al- 
most entirely on ibis " intensity of electrifica- 
tion," it was naturally found that small plates 
were just as satisfactory as lai^e ones, " pro- 
vided, only, that their number was sufficient ; " 
and it was also observed that the resnlts de- 
pended on the inetals used for these plates 
rather than on the nature of the liquid in which 
they were immersed. 
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■To this difEerence in the electriiiuation of the 
two poiea of a cell the term "electromotive 
force "is applied to-day; it ia also frequently 
spoken of as the "difference of potential" be- 
tween the poles. Aa already stated it depends 
almost entirely on the character of the poles or 
electrodes, not at all rm their dimenEious, and 
not to a very great extent on the nature of the 
liquid in which tbey are plunged. Whatever 
may be its real origin, to it must be attributed 
the movement or flow of electricity in the com- 
pleted circuit. It has been likened many times 
to the pressure of a " head " of water, by means 
of which it is forced through a system of pipes; 
and in this case it is well known that tlie piess- 
ure does not depend upon the quantity of 
water, or the cross-section of the pipe in which 
it stands, but aloue on the height at which it 
is muintained. 

Electromotive force is one of the two things 
upon which depends the action of an electric 
circuit. A Leyden jar, when charged, possesses 
electromotive force, the inside and the outside 
coating differing in "potential" by an amount 
generally enormously greater than the poles of 
•A battery-cell. But, in spite of its relative 
weakness in this respect, the latter has advan- 
tages over tiie former in another which are so 
immense as to at once establish its superiority 
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its a useful instrument. If the two poles of a 
Leyiien jar (tlie inside and outitide coatings) be 
joined by a conductor, an electric current is set 
up, and the jar is discliarged almost iustaiitly, 
aud is capable of nothing more until it ia re- 
charged. If the poles of a battery be joined 
by a conductor, a current ia established, in vir- 
tue of tlie existing electromotive force, as in 
the fii-at instance ; but now the current is main- 
tained, and with constant strength, as long as 
the battery remains in its initial condition. 
Tims, by multiplying the number of cells, the 
electromotive force of the system can be made 
equal to that of the Leyden jar, and a current 
may l>e maintained for hours and for weeks. 
The energy of the current, supplied continually 
by the chemical action in the battery, may be 
utilized as heat, for the production of motion 
of matter at a distance, or through any of the 
numerous transformations of which it is sus- 
ceptible. 

In making use of the battery for the produc- 
tion of electric currents, it is found that the 
atrcngth of the current, measureil by the quan- 
tity ot electricity which flows in a unit of time, 
depends upon another condition of the circuit 
quite na much as it does upon the electromotive 
force existing therein. Some of the eailier ex- 
)tfriment8 pointed the way to an understanding 
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of tbis question, but the hint was not taken at 
once, and for a long time it remained clouded 
in obscurity. Later on, some account will be 
given of the discovery of the beautiful and sim- 
ple law which expresses the exact relation be- 
tween the current strength in a circuit, its elec- 
tromotive force, and its resistance. At present 
it will be necessary and sufhcient to call atten- 
tion in a general way to the pnnciples involved. 
The primary cause of the flow of the current 
is the electromotive force. If the two poles of 
a battery, or any two electrified bodies which 
differ in potential, be joined by a conductor, 
flow of electricity will take place, precisely as 
flow of water will occur if two reservoirs dif- 
fering in height or head he connected i>y a 
pipe. The oldur electricians found th.it in dis- 
charging a Leyden jar, if an imperfect con- 
ductor, such as a moistened thread, were used, 
the operation required gi-eater time and the 
strength of the current was correspondingly 
less; exactly as, in the case of the reservoirs, 
it the connecting pipe be small, or if for any 
other reason it ofEer considerable resistance, the 
quantity of water passing in a unit of time will 
be small. In other words, with a given electro- 
motive force, the strength of the current will 
depend upon thd resistance of the circuit, being 
inversely proportional t.o the same. 
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Now, it is important to observe that the bat- 
tery itself forms a part of the circuit, and that 
the resistance which it offers to the passage of 
the current is just as important in determining 
the current strength as that of any other part 
of the circuit. Increasing the size of the plates 
diminishes the resistance of the cell, very much 
as an increase in the diameter of a pipe dimin- 
ishes the resistance which it offers to water 
flowing through it. Decreasing the size of the 
plates has, of course, the contrary effect. 
Again : the liquids used in battery-cells differ 
widely in their conducting power, and the re- 
sistance of the biiltcry will depend largely upon 
their character. In all cases, since the metal 
plates of the battery are almost incomparably 
superior as conductors to the liquids used, it 
will be easily seen that the resistance of the 
battery will be lessened by putting the plates 
neiirer together in the liquid, so that the length 
of the latter to be traversed by the current 
shall be as small its possible. 

Turning now to the consideration ol the ob- 
jections to the earlier forms of batteries, it will 
not be difficult to understand their origin, and 
how they have been ovei'come. An ideal bat- 
tery should maintain a constant electromotive 
force tlirough the whole time o£ its action ; its 
resistance should be as low as possible ; the 
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materials of which it ia coiistructe<] sh^mld be 
Buch as not to become rapidly changed in their 
character during its action, so that its life may 
be as long as possible ; and there should be little 
or no ohemical action going on when the circnit 
is broken, ao that the energy of chemical change 
t^liall all be concerned in, or incident to, the 
production of the current. The first forms of 
battery, which were single-fluid batteries, failed 
to meet many of these requirements. 

The following simple though instructive jind 
striking experiment is well worth making by 
any one who desires to understand the princi- 
pal ditEoulty in the way of meeting the first. 
Take a smiiU glass tumbler, fill it two thirds 
full of water, and mix with it about one sev- 
enth of its bulk of sulphuric acid. Prepare a 
strip of zinc and a strip of copper, each some- 
what longer than the depth of the tumbler, and 
well cleaned. Put them in the dihite acid ao 
they are not in contact. Bubbles of gas will 
generally be seen to form about the zinc plate, 
some of which will rise to the surface. If the 
zinc he pure, little, if any, gas will appear, and 
the copper will be unaffected. Now incline 
them until they rest in contact at the top, or 
join their upper ends by a wire. This is Volta'a 
cell in operation. Bubbles of gas now appe:ir 
in considerable numbei'S about the copper plate. 
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In botli cases the gae is hydrogen. When I 
metals touch at the top, an electric current 
pa-sses from the copper to the zinc at the top, 
and from zino to copper through the liquid. 
During the operation the zinc is being con- 
sumed: that IB to say, it is being changed to sul- 
phate of zinc by combining with the sulphuric 
acid. The copper is in no way altered, except 
that the bubbles of gas appear about it. That 
th^y appear there rattier than at the zinc is the 
striking feature of the experiment ; and it must 
be confessed, that, although it is a phenomenon 
which has constantly presented itself since the 
invention of the battery, the real reason for its 
occurrence is not yet well understood. If the 
operation be watched carefully for a little while, 
it will be noticeil that the formation of gaa be- 
comes less rapid, and after a time it will cease 
altogether. If some means be provided for 
observing the strength of the electric current 
flowing through the circuit, it will be seen to 
diminish, and finally the current will almost 
entirely cease. An examination will show that 
the bubbles of gas have adhered to the copper 
plate in great numbers; and, if they be care- 
fully removed by means of a feather or a splin- 
ter of wood, the current will suddeuly increase, 
and the operation will continue as before until 
the same condition of things is again reached. 
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The stoppage or diminution of the current ob 
the appearance of the gas upon the copper is 
attributed to what is called " pohirization," It 
was first distinctly described by Ritter, who 
found that when two pliitinum wires were iin- 
mersed in water, and a current was passed from 
one to the otiiev, so that oxygen appeared at 
one of them and hydrogen at the other, if they 
were disconnected from the battery and joined 
through a conductor, a current in this new 
circuit would exist for a short time, the two 
wires acting like the phktes of a battery. But 
in this case the direction or the current was 
opposite to that of the original circuit, showing 
that the electromotive force of what he called 
the "secondary" battery was opposite to that 
of the battery from which it was charged. He 
found that a Volta's pile might be constructed 
out of disks of the same metal ; and, while it 
would not of itself exhibit any electrical proper- 
ties, after it had formed a part of a circuit con- 
taining a battery of an ordinary form for a 
short time, it became an independent source 
from which a current could be drawn. This 
was the beginning of aecnndaiy or "storage" 
batteries, to which so much attention Jlas been 
given during the past few years. 

A similar condition of things exists in the 
simple cell described. The presence of the 
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leaf electroscope ; Leyden jars were charged by 
it ; sparks were produced by it ; in short, it 
seemed clear timt the two extremities of tlie 
pile or battery were in opposite states of elec- 
trification, one being pnsitJve and the otiier 
negative, and tliat they iicted as any other ofi- 
positely electrified bodies would at-t. _ The bat- 
tery, however, differed remarkably in two le- 
spects from all previously known devices for 
producing electricity. In the first place, the 
difference in the electrification of the two poles 
was extremely feeble; that is to say, the differ- 
ence in the electrical states of a glass rod and 
a bit of silk, after a few strokes of the one on 
the other, is aeverHl thousiind times greater 
than that of the two poles of a single battery- 
cell. It was soon discovered that this " polar 
difference," or intensity of electnfication in a 
battery, depended on the number of pairs or 
cells, and not at all on their size. As most of 
the effects of the pile first studied depended al- 
most entirely on this " intensity of electrifica- 
tion," it was natni-ally found that small plates 
were just as satisfactory aa large ones, "pro- 
vided, only, that their number was suffifient ; " 
anil it was also observed that the results de- 
pended on the nietals used for these platea 
rather than on the nature of the liquid in which 
they were immersed. 
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go this difiei'ence in the electrification of the 
two poles of a cell the terra "electromotive 
force" is applied to-djiy; it is ulso frequently 
spoken of as the " differeuce of potential " be- 
tween the poles. As already stated it depends 
almost entirely on tiie character of the poles or 
electrodes, not at all on their dimensions, and 
not to a very great extent on the nature of the 
liquid in which they are plunged. Whatever 
may be its real origin, to it must be attributed 
the movement or flow of electricity in the com- 
pleted circuit. It has been likened many times 
to the pressure of a "hesid" of water, by means 
of which it is forced through a system of pipes; 
and in this case it is well known that the piess- 
ure does not depend upon the quantity of 
water, or the cross-section of the pipe in which 
it stands, but alone on the height at which it 
is maintained. 

Electromotive force ia one of the two things 
upon which depends the action of an electric 
circuit. A Leyden jar, when charged, posaessea 
electromotive force, the inside and the outside 
coating differing in "potential" by an amount 
generally enormously greater than the poles of 
a battery- cell. But, in spite of its relative 
weakness in this respect, the latter has advan- 
tages over the former in iinother which are so 
immense as to at ouce establish its superiority 
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!is a useful instrument. If the two poles of a 
Leydeii jar (the inside and outside coatings) be 
joined by a conductor, an electiic current is set 
up, and the jar is discliarged almost instantly, 
and is capable of nothing more until it is ve- 
charged. IE the poles of a battery be joined 
by a conductor, a current is established, in vir- 
tue of the existing electromotive force, as in 
the first instance ; but now the current is main- 
tained, and with constant strength, aa long as 
the battery remains in its initial condition. 
Thus, by multiplying the number of cells, the 
electromotive force of the system can be made 
equal to that of the Leyden jar, and a current 
may be maintained for hours and for weeks. 
The energy of the current, supplied continually 
by the chemical action in the battery, may be 
utilized as heat, for the production of motion 
of matter at a distance, or through any of the 
numerous transformations of which it is aus- 
ceptible. 

In making use of the battery for the produc- 
tion of electric currents, it is found that the 
strength of the current, measured by the quan- 
tity of electricity which flows in a unit of time, 
depends upon another condition of the circuit 
quite as much as it does upon the electrnmotiye 
force existing therein. Some of the earlier ex- 
periments pointed the way to an understanding 
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of this question, but the hint was not takt^n at 

once, and for a loiif^ time it remained clouded 
in obscurity. Later on, some account wil! be 
given of the discovery of the beautiful and sim- 
ple law which expresses the exact relation be- 
tween the current strength in a circuit, its elec- 
tromotive force, and its resistance. At present 
it will be necessary and sufficient to call atten- 
tion in a general way to the principles involved. 
The primary cause of the flow of the current 
is the electromotive force. If the two poles of 
a battery, or any two electrified Iwdies which 
differ in potential, be joined by a conductor, 
flow of electricity will tube place, precisely as 
flow of water will occur if two reservoiis dif- 
fering in height or head be connected by a 
pipe. The old<?r electricians found that in dis- 
charging a Leyden jar, if an imperfect con- 
ductor, such as a moistened thread, were used, 
the operation required greater time aud the 
strength of the current waa correspondingly 
less; exactly as, in the case of the reservoirs, 
if the connecting pipe be small, or if for any 
other reason it off«r considerable resistance, the 
quantity of water paBsing in a unit of time will 
be small. In other words, with a given electro- 
motive force, the strength of the current will 
depend upon thi; resistance of the circuit, being 
inversely proportional to the same. 
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the Daniel], the porous cup being dispensed 
with, !ind the separation of the two liquids 
being uccomptished tliroiigh the difference in 
their density. 

Upon the invention of a satisfactory battery 




for the productinn of electricity, in connection 
with the capabilities of the electric current 
whicli have now been cnnsidered, two transfor- 
mations of electric enerjjy become available : it 
can be converted into heat and light, and into 
chemical energy. The beginnings of its useful- 
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nesa in the firat direction have already been re- 
ferred to. Davy produced a powerful electric 
light; but his battery was inefficient, and Ms 
"lamp" was exceedingly imperfect. Imme- 
diately after the invention of Grove's and Bun- 
sen'a batteriea, by means of which a powerful 
electric current could be maintained for houra 
at a time, the attention of scientific men and 
inventors was turned to the problem of electric 
lighting. Foucault devised an automatic regu- 
lating lamp, and instead of common charcoal a 
vastly better carbon was obtained from the 
hai-d coke of gas-retorta. It was found that 
from forty to one hundred cells of Grove's or 
Bunsen's battery would maintain the electric 
arc. It was used in photography, for public 
iliuminations, in theatres, and for scientific illus- 
trations, whenever a powerful source of light 
was desired. 

It should be noted, however, that all of the 
nnmerous regulating lamps which came into 
use depended for their operation upon a princi- 
ple at present assumed to be undiscovered. It 
is possible, but hardly probable, that, had it re- 
mained unknown to the present time, some 
mechanical substitute for it might have been 
devised. But the Berious obstacle in the way 
of the introduction and use of the electric light 
was its cost, and the annoyance and trouble 
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arising out of the manBgement of large bat 
teries. InOeed. it is difiicnlt to imagine, that, 
without aid from another soarce, electriu light- 
ing could have been to-diiy as far advanced as 
it really was f'>rty years ago. 

In the application of the electric current to 
chemical operalions there was more lasting sue- 
cesH. In addition to the brilliimt showing it has 
ina<Ie in the advancement of science, through 
the labors of Davy and others, it has contrib- 
uted largely to the welfare of man in the devel- 
opment of the art of electro- metallurgy. The 
chemical action of the current, and its power to 
separate metals from their compounds and de- 
posit them in a pure state, have already re- 
ceived consideration. 

In 1838, Jacobi, of the St. Petersburg Acad- 
emy of Sciences, announced that he had suc- 
ceeded in thus obtaining copper plates which 
were exact representations of original designs 
itnd engravings, from which they were copied. 
It also appeare that an Englishman named 
Spencer had at about the same time done the 
same thing, and that atitl another was just on 
llie point of doing it. It hud before been no- 
ticed, that, when the copper which is deposited 
on the copper plate of the Daniell cell was re- 
moved, it reproduced all the irregularities of 
form of the plate, even to the minutest scratch. 
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This observation was doubtless the beginning of 

the process of electro typing. The growth ot 
the art during thu half-century of its existence 
lm8_ been enormous. Electro typing with copper 
was quickly followed by tbe application of the 
jirocess to the deposition of silver, gold, and 
litter of nickel, iron, and, indeed, of most 
metals, although in some instances serious diffi- 
culties had to be overcome before the operation 
was successful. It is applied to tbe production 
of copies of medals, engravings, etc. ; and, in 
fact, if the useful Bpplicationa of electricity 
were confined to electro-metallurgy alone, tbe 
science would have much to boast of. 

Could the electric telegraph have existed if 
beat and chemical action were the only known 
effects of tbe electric current? The answer 
must be in tbe affirmative. Its development 
under this assumption would not only have been 
possible, but tolerably certain. 

Franklin and others succeeded in transmit- 
ting the electricity pi'odueed by friction through 
wires of considerable length, and tbe idea of 
using it as a means of exchanging signals be- 
tween distant points occurred to many of the 
older electricians. Shortly after tbe discovery 
of the decomposition of water by tbe electric 
current by Nicholson and Carlisle, a system of 
tel^rapby, based on the chemical action of the 
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cuirent, was proposed by Sonamei-ing. Decom- 
j-osition has found m^ay applicutions in modern 
tclpgmphy, &nt) it is not safe ti> say tbat it vill 
not play a much more importaut part in the 
telegraphy of the future. The utilization of the 
lieating effect of the current for the Bame pur- 
pose is possible, but not extremely probable, 
although a aystem depending upon it has been 
patented. 

It is interesting to note that an electric tele- 
graph would have been possible, and was, in- 
deed, proposed, baswl upon another effect of 
electricity quite distinct fron either of those 
referred to above ; that is, the power that it 
posseaaes of producing muscular contraction. 
The legs of a frog might be used as a receiv- 
ing instrument ; and, in fact, (he legendary lore 
of the telegraplier contains mrtny accounts of 
niessagea having been read in an emergency 
by placing two ends of the circuit upon the 
tongue. But the problem was destined to re- 
ceive its solution at last tlirough the Unking- 
together of two natural phenomena, both of 
which had been known from the earliest times. 





CHAPTER m. 



oersted's discovery and the electro- 
magnet. 

All the world would doubtless be glad to 
unite in doing honor to the author of one of the 
finest discoveriea of all time, could his identity 
be revealed. There is little chance, however, 
that the discoverer of the magnet, or the dis- 
coverer and inventor of the miignetie needle, 
will ever be known by name, or that even the 
locality and date of the discovery wilt ever be 
determiued. The first observer of the atti-ac- 
tive power of certnin ores of iron may or may 
not have found their tendency to assume a cer^ 
tain direction when freely suspended. The 
transfer of this power and tendency to pieces of 
iron and Bteel, and thus the invention of the 
mariner's compass, constitutes an advance upon 
the observed attraction of the ore so consider- 
able as to challenge the admiration of those 
most skilled in modem methods of research. 

It has been claimed by Humboldt and others 
that the earliest known use of the m^netio 
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needle was among the Chinese, in whose his- 
tory it is referred to at a date as early as twen- 
ty-six hundred years before the Cliristian era. 
It is not there described as a mariner's compass, 
but seems to have been used to guide armies 
over the great plains of the interior. It is rep- 
resented aa having been carried in a. wagon, 
and consisting of the figure of a man whose 
extended arm nonstaiitly pointed towards the 
south. It is interesting to note that among the 
Chinese the needle was deaeribed as pointing to 
the south, precisely as among Western nations 
it is spoken of us indicating the north. "The 
custom of China in this respect prevailed also 
in Japan. Although the Greeks and Romans 
were aware of the attractive power of the mag- 
net, they were evidently ignorant of its polar- 
ity, or directive power. Unfortunately, nearly 
all references to it in tlie Uterature of that 
period are so undoubtedly fabulous that they 
are of little real value. 

The name " magnet " ia unquestionably de- 
rived from Magnesia, a city m Asia Minor, 
where the first specimens were probably found ; 
although Pliny derives it from Magues, a herds- 
man who found himself rooted to a magnetic 
rock by the nails in his shoes and the iron 
points of his stalf. Magnets were made use of 
in the ceremonies of the temple, and by theii 
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aid statues of the goda were suspended in mid- 
air. A statue of Venus, made from a magnet, 
held an iron statue of Mars, suspended ; and 
Bvery one knows the story of Mahomet's coffin, 
which "soared iu a sanctuary built of magnetic 
stones." The tradition of a magnetic mountain 
at sea, over which a ship with iron bolts and 
nails oould not sail in safety, is found in many 
languages. In Japan it is a popular belief that 
a magnet loses its power a short time previous 
to an earthquake, and it has been used as a 
prophetic seismoscope. The magnet has also 
been credited with extraordinary medicinal, 
and, indeed, moral powers. In addition to its 
power to cure various diseases, it was thought 
to possess the very desirable quality of enabling 
its owner to win friendship and love, to succeed 
in business, and to discover the secret feelings 
of others. It was solemnly affirmed to be ca- 
pable of revealing whether a bride had accepted 
ii husband ffoni motives of affection, or from 
considerations of a pecuniary nature. 

Even brief reference to such absurdities would 
be inexcusable, were it not for the purpose of 
inviting attention to the fact, that, aa with elec- 
tricity, the present age is not free from imposi- 
tions of a similar character. Only a few years 
oQo, in a city which is the seat of a university 
and sundry other educational establishments, 
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tbe writer happened npaa a dealer who wis 
doing a UiriTiog bnuDeas in tbe sale of smatl 
fragnaenta of loadatooe, to be used for psychical 
latber than pbysieal raearch. 

The nae of tbe compass does not appear (o 
hare been known amoi^ Western nationa be- 
fore tbe twelfth century. The tremendous 
extension of hantan knowledge through tbe ex- 
tension of human intercourse, whiiih rapidly hi- 
lowed during the sacceeding centuries, must be 
laigely Attributed to its use ; and a feeling of 
astonishment results from a contemplation d 
the fact that the Chinese, according to tbeir 
own records, were in possession of the secret of 
ocean navigation for four thousand years previ- 
ous to the lime of Columbus, and yet almost no 
use was made of it. 

As stated in a previous chapter, the magnet 
and magnetism received their first scientific 
treatment at the hands of Dr. Gilbert. During 
the two centuries succeeding the publication of 
hie work, the science of magnetism was much 
cultivated. The distribution of the magnetism 
of the eartli was investigated, and methods of 
making artificial magnets by the "touch" of 
the niitural were experimented upon, and con- 
siJetabie improvements devised. The develop- 
ment of the science went along parallel with 
that of the science of electricity, as outlined in 



edm 



OERSTED'S DISCOVERT. 71 

the first chapter, although the latter was mote 
fruitful in navel discoveries ami unexpected ap- 
plications than the foimer. It is not to be im- 
agined that the many cluse reseinbl;incea of the 
two classes of phenomena -were allowed to pass 
unnoticed. Both had been known from the ear- 
liest times; both exhibited attraction, both re- 
pulsion, and under decidedly similar conditions. 
In both cas^s the law of attraction and repul- 
sion waa that of inverse squares. But nearly 
all bodies were known to be capable of electri- 
fication, while hardly more than one or two 
could be magnetized. Electrification could be 
produced under almost all circumstances, and 
electricity made to appear where none appar- 
ently existed before. Magnetism had to be 
borrowed ; and although the touching or induc- 
ing m^tiet lost none of its power in establish- 
ing polarity in a piece of steel ; and while it was 
possible, by proper manipulation and combina- 
tion, to produce a magnet of greater strength 
than that used as the source, — there waa no 
known process by means of which the condition 
of magnetiziitiim could be created from the be- 
ginning. 

Notwithstanding these differences, there waa 
enough resemblance to surest an intimate rela- 
tion ; and the connecting link was sought for 
by many eminent philosophers during the last 
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\n ol the eighteenth and the earlier years 
the present century. Tbe discoveries of Gstl- 
Tani and Volta revolutionized the science of 
electricity. Tlie pile or liattery of the ktter 
was a poweiful instrument for research, which, 
in the bands of faundreda of experimentalists, 
was rapidly working out the brilliant begin- 
nings of an age o£ discovery destined to rival 
all others in the development of the physical 
sciences. Through the labors of Rumford, 
Davy, and others, the idea of tbe unity of the 
forces of nature begun to prevail. A belief in 
the close relationship of electricity and magnet- 
isni existed generally among scientific men, and 
the age was ripe for tbe splendid discoveir, 
'made in tbe winter of 1819-20, through which 
that relationship was revealed. 

Its author was Jean - Christian Oersted, a 
Dane. Tbe son of an apothecary who practised 
his profession in a village of less than a thousand 
inhabitants, bia early education was intrusted 
to a wig-maker and his wife, who taught bim 
to read bia mother-tongue and also German. 
So quick in learuhig and so attentive was tbe 
child, thiit the amateur schoolmaster ventured 
to ofEer liirn a little instruction in arithmetic, 
his own knowledge of the subject being con- 
fined to addition and subtraction. He was soon 
beyond the possibility of receiving aid from bia 
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master, but the kitidness of others in lending 
him booka rendered such aasistitnce unneces- 
sary. At the age of twelve yeara he entered 
the pharmacy of bia father aa an apprentice. 
It appears that this waa a momentary disap- 
pointment to him, aa ha had resolved, even at 
that early age, to devote himself to the study 
of theolf^y. The operations of the laboratory, 
however, soon excited in him an interest in 
chemical experiments, which led to an enthu- 
siastic peniaal and study of all chemical works 
within liis reach, and undoubtedly contributed 
greatly to lay the foundiition of his future 
career. He exhibited a taste for all learning, 
Ijowever, studying Latin and Greek, and at this 
early period showed a fondness for poetry and 
rhetorical studies, which he retained until the 
end of his life. Indeed, the degree of doctor of 
philosophy, which he obtained in Copenhagen 
at the age of twenty-two years, waa granted 
upon the presentation of a tliesia in metaphys- 
ics. A year later he was enabled to travel on 
the continent of Europe, visiting the principMl 
cities of scientific activity, and charming all 
who came in contact with him by his modesty, 
as well aa by the evident brilliancy of his gen- 
ius. His career was definitely fixed in the di- 
rection of ex peri men till science, and during his 
years abroad he saw much of the rapid develop- 
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laent of the science of eleutiicity, vvhich had 
just received ao powerful an impetus tbrough 
the disfioveries of Galvuni and Volta. On his 
return he was appointed piiiteaaor of phyaics in 
the University of Copenhagen. Ha was a skil- 
ful and enthnsiastio lecturer, attracting large 
audiences on account of the eloquent and spir- 
ited manner in which he presented difficult sub- 
jects, bis treatment of them being also clear 
and logical. During tlie succeeding period of 
fifteen years, he prodiicd numerous original 
papers of great valup, and he waa greatly oc- 
cupied in the consideration of electrical phe- 
nomena. 

Through his philosophical studies Oerated 
had become fixed in the belief in the unity of 
the forces of nature, and he had, in common 
with others, expressed the opinion tlutt magnet- 
ism would one day be found to be related to 
electricity. He had often tried to discover the 
connecting link, but hitherto all attempts had 
ended in failure. It waa in the winter of 1819- 
20 that his efforts were crowned with success, 
and his victoiy was won in the presence of 
many besides himself. It was during the in- 
spiration of a lecture before his pupils that the 
thought occurred to him to try a new mode of 
attack. A battery of considerable power waa 
on the table, and near by was a auapended mag- 
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netic D9edle. He atinounceil to his Iiearers 
what he Wrta Hbnut to try, and tlien seized the 
wire joining the two polfs, and placed it par- 
allel atid over the iicedh', but without touching 
the latter. Instantly the needle swung out of 
its position, and one of the most magnificent dis- 
coTeries of modem science stood revealed aa an 
accomplished fact. Otusted tlioroughly worked 
up the experimi^ntal part of bis discovery, nnd 
pnblishcd L to the world about the middle oE 
the year 1820. 

If there was something dramatic in the way 
in which this discovery was made, there was 
something not leas so in the manner in which 
it was seized upon by ont^ of Oersted's contem- 
porariea, dfvehiped, extended, and made to 
serve as "the foundiUion for a tolerably com- 
plete superstructure, — the science of electro- 
dynamics. 

The creator of this science was Andrd Marie 
Ampere, born at Lyons, France, in 1775. Liv- 
ing at a time when France was rich in men 
of genius who were devoted to the physical 
sciences, no other contributed so much that is 
lasting in the litenitiire of electricity as he, and 
the annals of the science nowhere exhibit a more 
brilliant performance than his analysis and ex- 
tension of Oersted's experiment. On the 11th 
of September, 1ij20, he first learned of the 
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Copeatiagen experimeDt, in which a magnetic 
needle was deflected by the electric current. 
On the 18th of the same month, in a paper pre- 
sented to the academy, he announced the fun- 
damental principles of the science of "electro- 
dynamics." In the almost incredibly short 
time of one weel; he had worked over Oersted's 
discovery both theoretically and experimen- 
tally J he had made the capital discovery that 
magnetic effects could he produced from the 
current without the use of a magnet; he had 
shown that parallel wires, through which cur-. 
rents were flowing in the Shime direction, ought 
to attract each other, and he had proved by ex- 
periment that they did. To do this, he devised 
novel forma of apparatus, which are to be found 
to-day in every phySiCal cabinet; and, finally, 
he had devised an ingenious hypothesis which 
brought the whoie subject within the domain of 
mathematical treatment. It is safe to say that 
the science has at no other time advanced with 
Buch tremendous strides as during that memor- 
able week. 

On this joint work ot Oersted and Ampere 
the whole structure of modern electricity may 
be said to rest) and with the establishment of 
this, its almost ample foundation, their names 
will ever be inseparably connected. Almost 
sufficient it was, but not quite, for the work c^ 
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AmpSie was destined to be supple men ted tea 
years later by a diacovery of such importance, 
and so fruitful in its results, as to fjive it equal 
lank wicb tbuse of Galvaiii and Volta and of 
Oersted and AmpSre. 

Pbysiciat.8 were not idle, however, during 
tbese ten years, and many observationa were 
recorded, which, ou account of their great in- 
terest and their relation to the future advances 
of the science, are well worth considering. In 
the beginning, students of electricity were not 
agreed as to tbeir interpretation of Oersted's 
experiment. Many believed th^t the conductor 
through which a current was passing ussumed 
magnetic properties during its transmiseion of 
electricity, while Ampere's theory was based 
upon the assumption tliat nnignetism was an 
eleutrical phenomenon. All were at first in- 
clined to consider the action of the conducring 
wire upon the needle as in the nature of attrac- 
tion and repulsion, the two phases of force with 
which they bad become so familiar in the study 
of magnetism and the electiiuity produced by 
friction. A doser examination of the facta 
led to the correct view, that the direction of 
the motion of a magnetic pole, when free to 
m.Ove under the influence of a current flowing 
through a wire, was neither towards nor away 
&om the wire, but in a line at right angles to 
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a plane passing through the pole and the con- 
ductor. 

Tills fact was thoroughly appreciated by Dr. 
Wollaston in England, who conceived the poa- 
sibility of maintaining the continuous rotation 
of a wire about its axis in this way. He made 
several unBuccesaful attempts to accomplish this, 
one of which waa in the laboratory of the Royal 
institution, in the presence of Sir Humphry 
Davy. The latter had as an assistant a young 
man named Michael Faraday. He was not 
present when the trial was made, but, entering 
the room afterward, heaid some conversation 
on the subject between the two famous philoso- 
phers. In his sjiare moments he bad given 
much thought to the subject of electricity, and 
had repeated for himself all experiments of 
moment which had been devised by others. In 
the latter part of the year 1821 he succeeded 
where Wollaston had failed ; not, indeed, in 
producing rotation of a wire about its axis, but 
in causing a conducting wire to continuously 
rotate about a magnet, and a magnet to rotate 
about a wire, — two experiments now classical, 
and interesting as the first examples of continu- 
ous motion produced by electricity. 

Among the many who took up the subject of 
electro-magnetism immediately after Oersted's 
discovery, was Amp&re's distinguished country- 
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man, Arj^o, In 1820 he ^nd Davy indepen- 
dently discovered the interesting fwct, that, if a 
copper wire tlirough which a current is passing 
be pUmged into a maes of iron filings, many of 
them will cling to it and to each other, cluster- 
ing about it very much as if it were m^netic j 
but this will not occur if the filings be of brass, 
copper, zinc, etc. In the same year, Arago, led 
by the theory of Ampere, placed sewing-nee- 
dles and pieces of steel wire within a glass 
tube, and, by winding a helix or spiral of wire 
through which a current was passing on the 
outside of the tube, succeeded in rendering 
them magnetic. In this way was established 
the important fact that not only could a ciir- 
- rent of electricity influence a magnet, but it 
was also capable of producing magnetism; the 
loadstone as a primary aoarce of mngnetism 
was dethroned, and the cell of Volta crowned 
in its stead. 

A notable step in advance of this was made 
three or four years later by W. Sturgeon in 
England, resulting in the production of what is 
generally known as the "electro-magnet," He 
used soft iron instead of steel, finding that the 
former was capable of a much more intense 
mi^netization with a given strength of current 
than the latter, althongh the effect only lasted 
while the current was flowing. He bent the 
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iron into the afaapu of a horeeshue, and, by thus 
bringing its poles into the same plane, increased 
tliB convenience with which its power could be 
■■niployed. He varnished the iron, in order to 
insulate the coils of naked wire which he womid 
in a spiral about it. 
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The lifting or sustaining power of these eleo- 
tro-niagnets, the practically instantaneous pro- 
duction of this power at the instant the circuit 
was closed, and the rapidity with which it died 
away when the current from ihe battery ceased 
to flow, made them objects of immediate in- 
terest to both the learned and the unlearned. 
Many foresaw the important practical applica- 
tions likely to be made of ao convenient a mode 
of suddenly bringing a considerable force intoex- 
islence, and as suddenly iinnihilating it. Those 
most familiar with the subject, however, lecog- 
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oized tlie imperfections of tlie operation, and 
realized that much further derelopmeut was 
necessary to its utilization. 

In this condition the subject was taken up 
by a distinguished Americitn physicist, through 
whose genius and experimental skill the electro- 
magnet was rapidly perfected, and made to ex- 
hibit such enorraoHs power as to appear at that 
time little less than marvellous. Tliis impor- 
t;int advance was made by Joseph Henry. 
Educated in the common schools nf Albany, 
N. T., and at the Albany Academy, he became, 
in 1826, professor of mathematics in the latter 
Institution. He at once entered upon a series 
of experimental researches in electricity, which 
resulted within a few years in discoveries which 
rendered their author celebrated, both at home 
and abroad. 

In the construction of the electro-magnet he 
introduced a principle suggested by the gal- 
vanic multiplier of Scliweigger, to wliich refer- 
ence will be made hereafter. Instead of var- 
nishing or otiierwise insulating the iron core, 
and winding a single spiral of wire about it, he 
insulated the wire by covering it with silk, and 
then made many turns of the wire about the 
core. On his first small magnet he put thirty- 
five feet of wire, making about four hundred 
turns. The superiority of this method was at 
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ODC« demonstrated. This magnet was exhibited 
I {a March, 1821). A further iroproT«ment con- 
' tiated in winding the core with several coils, 
the ends being left fi-ee. When these ends 
were properly soldered to the zinc and copper 
of the celt, so that the current divided among 
the different coils, the strength of themagnet 
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Hanry'e niHgnet. From ■ cut publiibed by Henry. 
WRB foiiiiil to be greatly increased. He experi- 
mented upon the proper length of the coil to 
bo U8«d with biitteriea of different forms, reiich- 
ing the highly important conclusion, that either 
a very long wire, making a single continuous 
coil, may be used, or several shorter ones ar- 
ranged as abovp, as circumstances may require ; 
but that in the fii'st caae the battery must con- 
sist of a inimber of pairs of plat«a arranged in 
st>rio». —that is, hv joining the Etnc of one c«U 
ti> lh« mp]>t>r of the next, and so on. as Volta 
Itad doite origin. '\11y. — while in the second case 
it must CfHtsist of a single pair of larg« suifaoa. 
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By an extended seiies of experiments lie 
brouglit his new method to a higli degree of 
perfection. The current from a single pair of 
plates only one inoh sqmire excited one of his 
magnets so that it sustiiined eighty-five pounds ; 
with another, excited by a single cell hiiving 
less than half a square foot of Surface, and re- 
quiring half a pint of dilute acid, a weight of 
sis hundred and fifty pounds was sustained ; 
and, when a slightly larger cell was used, this 
was increased to seven hundred and fifty pounds. 
In 1831 he constructed a magnet, the iron core 
of which weighed less than sixty pounds, but 
which was capable of sustaining more than a 
ton, and afterwards another which carried not 
less than thirty-six hundred pounds. Althnugii 
these feats in electro- magnet ism have been ex- 
celled within the past few years, they are im- 
portant as indications of the rapid expansion of 
the subject in the hands of Professor Henry 
more than fifty years ago. In demonstrating 
the possibility of constructing an electro-mag- 
net of almost liny desired power, he was laying 
the foundation for the most important processes 
of utilizing the energy of the current which 
have since come into use. 

The galvanic multiplier of Schweigger, the 
construction of which suggested to Professor 
Henry the possibility of improving the electro- 
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iimt^net, w»a itself the first of a large fatoily of 
<-l.-ctricat instruments, the existence of which 
must be regiirded as iibsuLutely es^L-iitial to the 
gi'owth of the science to its present iliinensioiis. 
It was really little more tliati an extensioti and 
application of Oersted's discovery. When a 
wire is stretched over a magnetic needle, as 
described in the consideration of that famous 
experiment, if it be bent and bn>ught back un- 
der the needle and at tlie same distiince from 
it, the effect on the needle, of the current 
which passes through it, will be found to be 
doubled. If another loop around the needle be 
taken, its effect will be iigain multiplied, so that 
by making many turns of the wire the effect is 
so magnified thH,t the instrument becomes sen- 
sitive to currents which are exee>-dingly feeble. 
It tlierefure becomes a galvanoacojffi, and is in- 
valuable, in all electric experiments, for the 
detection of minute currents. It would seem 
that its sensibility might be increased indefi- 
nitely, but two obstacles are encountered which 
are insurmountable in practice. It is, of course, 
impossible to wind all elements of the coil at 
the same distance from the needle; so that 
every hiyer which is put on is less effective than 
that upon which it is wound, by reason of its 
increased distance. Again, any increase of the 
length of the wire inci-eases the resistance of- 



i 



OEHSTED'S DISCOVERY. 



85 



fered to the passage of tbe current ; so that for 
a given number of battery-cells, or a given elec- 
tromotive force, the current will be diminished 
according to a simple law already refeiTed to. 
Nevertheless, by making the needle very small, 




Showing the action of two forces on a magnetic needle. 
H represents the action of the earth's magnetism, and C that of 
the deflecting cmrent. 

very light, and giving it a very free suspen- 
sion, any desired degree of sensibility may be 
reached. But tbe galvanoscope is readily con- 
verted into an instrument of greater dignity 
and value, known as the galvanometer. When 
the needle is at rest in the magnetic meridian. 



86 A CEN-fURY OF ELECTRICITr. 

the resultant of the forces acling on it ia zero. 
Tlie action of a current sent through the coila, 
Eiasumed to be jjamlii'l with the s^me meridliin, 
is to deflect the needli) from this position witli 
ft force whidi becomes leaa effective as the de- 
flection increases. But the effectiveiieaa of the 
earth's magnetism increases with the deflection ; 
so that, when tlie needle is being moved fi'oin 
its normal position, the deflecting force con- 
stantly diminishes, while that tending to re- 
store it constantly increases. In some positions 
of the needle thi-se two forces will balance each 
other, and in that poaition it will finally rest. 
The deflecting force depends upon the strength 
of the current; so that, by the use of the gal- 
vanometer, current-strength cjin he accurately 
measured, an<l its value expressed nnmerically, 
thus aulijecting it to rigorous mathematical 
treatment. 

The accuracy with which all electrical quan- 
tities may be measured, by processes mostly 
depending on the use of this instrument, mnst 
command the highest admiration of all who 
realize the slowness with nhich science in gen- 
eral has been subjected to treatment by meth- 
oils of precision ; and unquestionably the rapid 
progress of tlie science of electricity is to be 
largely attnbuted to the early use of quantita- 
tive processes. 
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It will be seen from the fiiregoing tliat in llie 
decade following Oersted'a discovery the soieiii'e 
of electro-magnetism grew with woiiderfnl ra- 
pidity. Iji tile beginning the Daiiigh [>hiliJso- 
pher had shown the existence of a rt-lHtion be- 
tween electricity iind iTiagnetism <if which the 
world had before been igiim-ant. Within ten 
years a ton of weight wms snstttined by means 
of a battery less powerful tlian that whit-h had 
first enabled him to deflect his delinately sus- 
pended iiei'dlo. The possibility of producing 
motion iiml doing work iit a distiini'e, by means 
of tlie newly discovered principle, was clearly 
rec(^nizi-d and distinctly annonnwd by many 
physicists, and pariieiihiily by Joseph Henry. 
The application of electro-magnetism to tlie 
problem of telegraphy was suggested by many, 
and the ingenious in several eonntriea set tliem- 
selves at work to accompiisli the desired end. 
In spite of the appeiirance of many unexpected 
difficulties, before another decade passed t)ie 
thing was really dnne, and through science tlie 
world was put in possession of an invention des- 
tined to create a new industry, which, by its in- 
Hnence upon the human race, distinguishes the 
nineteenth century above those that preceded it 
ethan all else. 



CHAPTER IV. 

WHO INVESTED THE ELECTRO-MAGNETIC TEL- 
EGRAPH? 

The reader of the foregoing puges will have 
decided already tliat the answer to this question 
cannot be given by naming one man. Ho ■will 
know that tlie idea of telegrnphing by means of 
electricity waa nearly a liuiidred yenrB old be- 
fore it became an accomplished fact. Tlie iii- 
gi'nious arrangements of the older elt^ti-iuians 
for telegniphing by means of electricity pro- 
duced by friction were little more than philo- 
sophiciil toys, nlthniigh the authors and pro- 
moters of these methods fully appreciated the 
importance of the idea, and in some instances 
mude praiseworthy efforts to realize it in prac- 
tice. As early as 1774, Lesage constructed an 
electric telegraph consisting of twenty - four 
wires, at the end of each of whicii waa a pith- 
ball electroscope; and in 1816 Ronalds con- 
structed a line of one wire, nsing pith-balls 
and two synclironoua whet^ls. He eiideavoied 
to bring the matter to the attentiun of the Brit- 
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isli gnvemraeiit, and ix'ceiviid tlie really ex- 
qiiisittj reply tliat " ttli-giaplm of any kind are 
ni)iv wliolly unnecessary, and no utliet' than the 
one now in use will be adopted." A very im- 
piirtant step was taken in 1828 by Harrison 
Gray Dyar of New York, who invented a 
method of recording in which a discharge waa 
made to piiss through a sheet of moistened 
litmus paper moving at a uniform rate. A line 
w;is actually set up and experimented upon in 
the same year. In all of theae systems it was 
proposed to use frictional electricity ; hut, even 
with the present vastly increased power of pro- 
duction and control of this species of electricity, 
a successfully operating telegraph would hardly 
be possible. 

The real electric telegraph began with Gal- 
vani andVolta, and, us alrea<1y intimated, more 
than one system has been fairly successful, the 
fundamental principles of which were under- 
stood before the close of the first decade of the 
present century. The complete solution of the 
problem, however, '.rould unquestionably have 
been postponed for many years but for the dis- 
covery of Oersted in 1820. Immediately on its 
announcement, the telegraph became the dream 
of many men in many countries, Concerniiifj 
its origin aud growth, the great majority of 
Americans lia\e been singularly mistaken. The 
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' popular impression seems to be thiit it is ex- 
clusively an AniK-ricHU inveiitinn, iind tli»t in 
Ameiica it was almost exilusively the pniduct 
of the genius of onu rniiu. It hardly need be 
8nid that these impressi-nis lire extremely erro- 
nuuus. 

AmpSre, whose genius liiid accomplished so 
much ill the eailv <li'VBlo])ment of the theory of 
electro -m^netisin, wiis probably the first to 
suggest its use in telcgrapliy. His metliod was 
funnded on Ot-isteil's experiment. If a needlu 
could be deflected by an electric current, if this 
could be accomplished by a wire or wires of 
greiLt length, aud if these movements of the 
needle could be converted into a code by means 
of which letters or words could be expressed, 
tlien the electro-magnetic telegraph was possi- 
ble. Ampere's suggestion wiis to employ a num- 
ber of wires, and to deflect a number of needles. 
Considerable attention was given to the devel- 
opment of this idea for a numlier of years 
following the discovery of its fundamental prin- 
ciple. The progress of the invention was seri- 
ously retarded by the pnblieation of an inves- 
tigation by Bnrlow, of the Woolwich Military 
Academy, in 1825, iu the course of which he dis- 
covered that there was an enormous diminution 
in the power of a current to produce effects with 
increase of distance, and which led him to 
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declare that the projet^t of an electrD-magiietic 
telegraph could not possibly he succL'asful. 

The invention of tLe I'lfctro-miignct by Stur- 
geon apparently offered a new aulutioti of llie 
problem; but, owing to the imperfect construc- 
tion of bis magnets, the difficulty of overcoming 
distance was not diminished. This obstacle. 
which seemed for a time to be insurmountable, 
was conquered by Joseph Henry in the maimer 
already described. Out of Oersted's experiment 
grew the needle - telegi-aph, — a form which 
prevailed for several years in Europe, until it 
gave way before the evident superiority of that 
founded on the electro-magnet, which grew out 
of the researches of Henry, and whicli is gen- 
erally known as the Morse or American sys- 
tem. 

The needle-telegraph was first in the field, 
and its working will first be considered. Many 
of its earlier forms appear as suggestions only, 
no attempt having been made to put them in 
practical operation. In 1832, however. Baron 
Schilling, a Russian counsellor of state, had a 
working system in which thirty -six needles 
were nsed, and wliich included an ingenious 
alarm for calling the attention of the receiving 
operator. It consisted of a device by means of 
which the movement of one of the needles re- 
leased a small ball of lead, which, by dropping 
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he determined the velocity of the electric dis- 
charge. Although the result of these experi- 
ments was veiilly of no gi'eat value, tlie method 
employed is now clussic, and it has furnished 
thu means of solving some of the most important 
fmiditmental problems in physics. His conclu- 
sion waa, that an electric discharge traversed a 
copper wire one quarter of a mile in length at a 
speed of 288,000 miles per second ; and this was 
long accepted as the true "velocity of electric- 
ity ; " as it doubtless correctly represented the 
velocity of discharge under the particular con- 
ditions of Wheatstotie's experiment. More re- 
cent investigation of t!ie subject has shown, 
however, tliat it is no more correct to assign a 
definite velocity to electricity than to a river. 
As the rate of flow of the latter is determined 
by the character of its bed, its gradient, and 
other circumstances, so the velocity of an elec- 
tric current is found to depend on the condi- 
tions under which flow takes place. It is greater 
in short than in lung lines, and depends on the 
character of the line, being much greater in a 
line suspended in the air tlian on one insulated 
with gutta-percha and buried as an ocean-cable. 
It depends, also, upon the sensitiveness of the 
receiving instrument, from which it will be un- 
derstood that what is here stated concerning 
velocities refers to the time requii-ed for the 
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production of certain effects tliiough certain 
cuiiductui'S, and that nothing is affirmed or as- 
eunied as to the nature of the current or its 
motion, of which Clerk Maxwell siija : — 

U to the velocity of the current, we have shown 
that we know nothing about '\x, : it may be the teuth 
of an iDuh in an hour, or a hiiudred tbousaad miles 
per second. So far are we from knowing its absolute 
value iu any case, that we do not even know whether 
what we call the positive directioa is the actual di- 
rection of the raotioQ or tlie reverse. 

In the measurenient of this apparent velocity 
of the current, -various results have been ob- 
tained in practice, much lower than that of 
Wheatstone, being in some cases 1,400 miles 
per second, and in others 3,000, 18,000, 60,000, 
and BO on. As before stated, the great merit of 
Wbeatatone's work on the problem was the 
device of the revolving mirror, which has ena- 
bled physicists to measure intervals of time in- 
credibly small. 

Wheatstone'a interest iu and connectiou with 
telegraph enterprises began in 1835, in which 
year he exhibited one of Schilling's telegraphs 
in his lectures, and in the year 1837, when he 
formed a copartnership with W. F. Cooke, for 
the purpose of introducing the electric telegraph 
into England. Their first patent was taken out 
in 1837 ; and the system required five needles, 
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with as many wires for their manipulHtion, Hnd 
a sixth wire for the " return current." Wheat- 
stone developed numerous improvements during 
the next few years, and as early as 1840 a diitl 
instrnnii-nt showing the letters of the alphabet 
was patented. Numerous difificulties were en- 
countered and overcome, and by 18-14 the enter- 
prise wns on a sound Bnancial b;iais. 

Tlie operation of working a telegraph was at 
first naturally regarded by most people as a 
mystery, and by many as a frtiud. When com- 
munication was established between Paddingtoii 
and Slough, a distance of about twenty miles, 
the wires were inaulated partly by silk, and 
were suspended througii goose-quilla attached to 
posts along the Givat Western Railway. The 
telegraph company not only invited the patron- 
age of the public in a legitimate business way, 
but it also exhibited its apparatus aa a novelty, 
as is shown by the following curious and in- 
teresting announuement, which appeared in 
1844 : — 

" UNDKB THE 8PBCIAL PiTHOHAOS 

OF ROYALTY. 

INSTANTANEOUS COMMUNICATIOH i 

between PaddiDgton and Sloogb, a distance of i 
twetit]'' miles, b; meana of the 
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TLis aliort line had already established it- 
self in tiie good graces of the people, throagli 
its in Btru mentality in securing the arrest of a 
criminal. 

The construction expenses incident to the 
as6 of a liii^e number of wires, to say nothing 
of other difficullies, led to the reduction of the 
number of needles employed to two, and one in 
which a single wire was sufficient. A single 
needle is now almost universally employed 
wherever the needle system has survived com- 
petition with other forms. The movements of 
the needle are readily applied to signalling the 
alphabet by combinations of swings to the right 
and to the left. It will be remembered that in 
Oersted's experiment a reversal of the current 
through the wire reversed the diiection of the 
deflection of the needle. The operating key ia 
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BD nrrangeij, that, when its handle is turned to 
the right, a current is eent thraiigii the line 
which deflects the needle in the same direction ; 
and, when the opposite movement is made, the 
cnrrent is reversed, and the needle swings to 
the left. The alpliabet may and generally does 
correspond with what is known as the "Morse 
Code." A swing to the right is interpreted us 
a long signal or dash, and one to the left as the 
short or "dot" signal of the Morse system. 

For many years the needle system of tele- 
graph was used almost exclusively in Great 
Britain, although it never succeeded in gaining 
a foothold on the continent of Europe or in any 
other piirt of the world. Its principal advan- 
tage is the coniparntively feeble current re- 
quired to work it; but it is slower thiin the 
Morse system, and does not lend itself to sound- 
reiiding, or to methods of securing written rec- 
ords of the messages which it transmits. It bits 
therefore almost entirely given way to other 
systems, even in Great Britain, although, as 
will be seen, it is retained in connection with 
long ocean - cables, and within a few years a 
self-recording device has been successfully ap- 
plied to it. 

The system of telegraphy now almost uni- 
versally in use is one which originated in Amer- 
ica, and whose development was nearly contem- 
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laeons with that of the needle system. In 
England the fnndameutitl experiment about 
which the telegraph grew was that of Oersted ; 
while in America the electvo-magnet, as con- 
structed by Sturgeon and improved by Henry, 




Henry'9 arrangemeiit for receiving aign»l«, as exliibiled in Al- 
bany in ISaa. — From u cut publiblied by Henry. 

waa made the biisis of the invention. As there 

has been much misunderstanding concerning the 
distribution of credit for the evolution of this 
system of telegraphy, it may not be out of the 
way to consider at some length its more impor- 
tant phases. 

Much credit must always be accorded Pro- 
fessor S. F. B. Morse, tlirough whose indefati- 
gable labors and persistent faith the commer- 
cial value of the enterprise was Srst established. 
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Tlorn in the last ceiitnry, he reached the age of 
forty years before having apparently given a 
single thought to what was to be tlie great work 
of hia life. His early training was that of an 
artist, although he was always fond of scientific 
pursuits. He studied in London under the beat 
masters, and was highly suc<!essful in liis chosen 
profession, some of his works bringing him great 
renown. His first conception of an electro- 
magnetic telegraph seems to have arisen out of 
s conversation with a friend on board the packet 
ship Sully, on a voyaga from Havre to New 
York in 1832, In this conversation some ex- 
periments of the French were described, in 
which electricity had been transmitted through 
long distances. Someone remarked, " It would 
be well if we could send news in this rapid 
manner ; " to which Morse at once replied, 
"Why can't we?" And from that moment 
he devoted his energies to accomplishing the 
desired end. During the remainder of the voy- 
Rg<>, he made drawings of forma of appuratus, 
and considered the translation of signals into 
an alphabet. He does not appear to have been 
familiar with the principles of electro- magnet- 
ism at that time, and it is affirmed that the use 
of an electro- mag net was suggested to liim by 
the gentleman with whom this iirst discussion 
was held. On reaching New York, he began 
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experimenting upon the subject, anil in 1835 
he had completed a working model of his re- 
cording iuBtrument. It was not until 1837, 




however, that he waa able to put two of them 
in operation at the extremities of a short line, 
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80 !is to be able to both receive and send sig- 
nals, lu that year his apparatus was exhibited 
to many people in the University of New York. 
In the following year he m^de an unsuccesafiil 
effort to secure aid from Congress to establish 
an experimental line between Washington and 
Baltimore. He then visited Europe, hut failed 
to secure patents for his inventions. During 
the session of Congress of 1842-43, he again 
fltrugglud to secure reCf»gnition and an appro- 
priation to enable him to build bis experimen- 
tal line. The scheme was considered Quixotic 
by many mfrahers of Congress, and at the last 
moment he despaired of success ; but during 
the midnight hour of the last night of the ses- 
sion, March 3, 1843, a bill was passed, appro- 
priating thirty thousand dollars for the line 
from Washington to Baltimore. 

In the mean time many apparently insuper- 
able obstacles had been encountered in the at- 
tempt to secure the successful working of the 
apparatus. In the beginning. Morse used a 
magnet with a few turns of wire, aa Sturgeon 
had done, and a single cell of battery. With 
this his instrument failed to work through more 
than a few feet of wire. This difficulty was 
surmounted by taking advantage of the re- 
searches of Henry, using what he called an "in- 
tensity " magnet, and many cells of battery iit 



ta. 



THE ELEfTltO-MAGNETtC TELEGRAFS. 103 

stead of one. Although by Ihie method signals 
coald lie transmitted through a comparatively 
long distance, they were still too feflile to print 
tlieinselvf s upon the moving strip of piiper. To 
overcome this difficulty, it was only necessary 
to introduce the device known as the "relay," 
by means of which the work on the main cir- 
cuit w!is reduced to making and breaking tho 
current of a local battery, oli the circuit of 
which was the recording machine. In this 
short circuit the current was easily made strong 
enough to operate the registering instrument. 
This method of working had been devised 
nearly ten years before by Henry, and it had 
also been used by Whfatstone in iiis needle 
system. 

In Morse's first attempt to build his expeii- 
mental line from Washington to Baltimore in 
1844, the wirea were placed under ground in- 
stead of upon poles ; but the former method 
was soon abandoned for the latter, which had 
already been in use for several years in Europe 
and elsewhere. In Morse's first instrument the 
" transmitter " was mechanical ; that is to say, 
the message to be sent was first "set up" in 
" dots and dashes " by arranging long and short 
type in proper order in a line, and by the reg- 
ular movement of this line of type the circuit 
was closed for periods of time necessary to the 
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\ reproduction of the dots and daflh«8 at the other 
end. Morse did not imagine tliat eignaU could 
bu miidfl by the band with sufficient regolarity 
tu pruduco It^gible records. This was soon dis- 
covered to be possible, however, and, for the 
clumsy, meeliHiiiunl transmitter, the simple key 
in use to-day was substituted, by the sMUul 




Uum'i rmnnt OlTi. 



of magnel ind annatiiTe. 



mauipuliition of which the operator prodoces 
dots and diishes with sui-h r^ularitv and ra- 
pidity as to leava nothing to be desired. 

The statements made above, derived from pa- 
pers of au official character, may be sammHrixed 
as follows : In the Morse telegraph are fonnd, 
the buttvry : for which erevlit must be given 
priuiarily b) Volta, and then to D.utieU, who in 
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1836 devisetl a. battery nearly constant in its 
strength, — an essential requisite to its applica- 
tion to the telegrapli ; the key, or transmitter, 
which, exuept in details of construction, is prac- 
tically that in use since experiments on elec- 
tricity were begun ; the receiving instrument, 
of which the essential feature is the elect ro-mag- 
ntt, due primarily to Sturgeon, but modified 
and improved bo as to be available for this work 
by Henry ; tlie relay, by means of which the 
local current is put in operation, which was 
used by Henry and also by Wheatstone; the 
line wire suspended on j}oles, — a nietliod first 
practically used by Dr. W. O'Shaughnessy at 
Calcutta in 1839. 

While it appears, therefore, that Morse can- 
not justly claim priority in tbe discovery of a 
single scientific principle involved in the tele- 
graph, it must be admitted on all hands that he 
played a most important part in its develop- 
ment. In Europe all effort had been in the 
direction of the use of tbe needle system. Morse 
was quick to see tbe advantages of the electro- 
magnet, and especially the ease with which it 
could be made to leave a permanent record of 
the message. His use of a simple armature 
with to-and-fro motion, armed with a style, or 
pencil, wbiuh marked long or short lines upon a 
moving slip of pi:pei-, and his alphabet made up 
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of theae dota and daalie-e, bIiow gre»t ingenuity 
and Riecha.niciil jiulgmeiit. As a roesisure of 
the value of liis system, compared with the 
English, it is suiScient to repeat that to-day it 
has driven nearly every other from the field. 

While the eaaential features of the Morse sys- 
tem still remain, modern instruments and meth- 
ods of working ahiiw many important modifica- 
tions. In this country the register by means 
of which the signals were printed as they were 
received has become almost entirely extinct, 
through the interesting discovery, by the early 
operators, that reading from the sound of the 
armature as it played to and fro was not only 
possible, but more expeditions and vastly more 
convenient than from the printed slip. Al- 
though the introduction of the Morse system in 
Europe, and especially in England, was largely 
due to the advantsige which it offered in fur- 
nishing a permanent record of the message, the 
greater convenience of reading by sound is fully 
appreciated there, and that method of receiving 
is becoming every day more common. 

In the two principal systems of telegraphy 
which have now been described, it will be ob- 
served that diflerences esiat in receiving instru- 
ments rather than in other parts. It will be 
impossible to discuss, or even to mention, all of 
the innumerable devices which have been sag> 



THE ELECTRO-MAGNETIC TELEGRAPH. 107 

gested, or which have bepn practically devel- 
oped, through various combinations of the ele~ 
menta involved in these sjatems. But there 
has been anolhei- claimant for public favor, of 
whith brief mention has already been made, 
■whose fimdainental principle ia older than the 
needle or the electro - magnet. It ia that Iji 
which the registration of the message ia ac- 
complished by means of chemical decomposi- 
tion. Expeiimeiits upon this method were 
made at an early day, in which as many wires 
were used as there are letters of the alphabet : 
each wire led to a small cup or tube containing 
water, into which was plunged the extremity 
of the "return wire," one of which would serve 
for all of the " leading " wires. Each tube was 
marked with a letter, and, when it was desired 
to signal any particular letter, it could be done 
by closing the circuit through the proper tuVie, 
thus causing bubbles of gas to appear. This 
was essentially the system of Soramering of 
Munich, who constructed a model in 1809. A 
curious and ingenious feature of his method was 
a device for the aetting of an alarm ao that the 
operator might be relieved fi'om the necessity 
of constantly watching the glass tubes. It con- 
sisted of a sort of lever, on the long arm of 
which was a small inverted bowl, covering the 
open end of one of the tubes in which gaa was 
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evolved. On the short end was a smull metal 
ball, free to vW off when the lever was slightly 
tipped. If the operator at the distant end 
wished to open communication, he closed this 
particular circuit for a minute or two, during 
which time gas vfas genenited. This collected 
in the inverted bowl, and. in virtue of the up- 
ward pressure of the gas, the lever was tipped, 
the ball woidd drop, and the alarm was set off. 
The first realization of a practical system of 
telegraphy based on electro-decomposition was 
by Alexander Bain of Edinburgh. He took 
advantage of the fact that many salts are de- 
composed with the utmost facility by electricity, 
and by extremely feeble currents, and that this 
decomposition can be rendered evident through 
a recom position, in which colored compounds 
are produced. If a little iodide of potassium 
be dissolved in water, and a little starch paste 
be added, the mixture will show a blue color 
ahuut the positive pole when a very feeble 
current is passed through it. If any kind of 
porous paper be soaked in this liquid, and 
placed on a metallic plate connected with the 
negative pole of a battery, a blue mark will be 
made upon it wherever touched by the positive 
pole. From this the essence of Bain's inven- 
tion will be readily understood. Imagine the 
paper to have a uniform movement over the 
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raetal plate, and a metal style connected with 
tiie line-wire to rest upon its upper surface. 
As long aa no current ia passing, no mark will 
be made ; but, when the key is closed at the 
other end of the line, the style leaves a blue 
trail as the paper passes under it. It is only 
neceasary to adopt an alphabet of long and 
short marks, or " dots and dashes," to complete 
the dcTice. Bain's system was patented in 
England in 1846, and was introduced into this 
country in 1849. A number of lines working 
the system were erected, some of them of great 
length, and the Bain telegriiph was at once suc- 
cessful and popular. Aftei- a few yeare, how- 
ever, it was displaced by the Morse system. It 
is in most respects the simplest of all telegraph 
systems; and, in spite of its early rejection, it 
possesses decided merits, among which are the 
ease with which it can be adapted to rapid au- 
tomatic telegraphy, and its ready application 
to autographic transmission. Further develop- 
ments will be required to enable it to compete 
successfully with its long victorious lival. 

The better-known effects of electricity lire lis 
follows: Electro-static attraction and repulsion, 
heating effects, chemical decomposition, electro- 
magnetic effects, physiological effects. Ronalds 
and tiie older electricians relied upon the first 
of these as a means of producing signals at a 
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diaunt poinL Anocig the noinenMss efforts to 
vmA mtcfiefeitoe with tbe Horae pateDt was a 
telegn|rii sjrstem in which the aeeond wse atjl- 
ized. The cnrreat was made to ps£s tLtoogb 
ft ftliort pieee of thin pUtianm wire, which, be- 
coming red-hot, burned boles, long or short, in 
B moving strip of psper. Somraering, Bain, 
and others, have utilized the third ; Schilling, 
Gauss, Steinheil, Wlieatetone, Morse, and many 
others have depended apon the fourth ; while 
ei^riment, and occasionatiy necessity, has de- 
monstrated the possibility of making use of the 
fifth. It has also been proposed to use other, 
more obscure effects of electricity for tele- 
graphic purposes ; but the telegraph of to-day 
is the electro-magnetic telegraph. Practical- 
ly, all other Hystems have been abandoned for 
%]»». No attempt can be made here tii describe 
the numerous, and in many instances wonder- 
ful, modifications und improvements which hare 
been ingrafted upon tbe original stem, involv- 
ing devices for rapid and automatic ti-anamis- 
Bion, machines for printing the message in Ro- 
niiin clmractei'S aa East as received, instruments 
for repeating the message from one line to an- 
other, etc. Two or three extensions of original 
methods, which involve new principles or espe- 
oiiilly novel features, will be briefly considered 
in tho fallowing chapter. 



^ MULTIPLEX TELEGRAPHY AND SOBMAKINE 
CABLES. 

"The rapid growth of the electric telegraph 
dnring the decade from 1840 to 1850, and 
its marvellous performance, justly excited the 
curiosity and challenged the admiration of all 
intelligent people. Within a few years after 

I it-s first introduction, it grew to be an importunt 

factor in business and social life, and many 
understood something of the philosophy of its 
operation. Few, however, were at first will- 
ing to give credit to certain suggestions as 
to further possibilities of its improvement, and 
this was particularly true when it was asserted 
to be possible to transmit simultaneously two 
messages in opposite directions over the same 
wire. Although this has now become an all 
but universal practice on lines doing a large 
amount of business, it is not too much to say 
that, to the great majority o£ the uninitiated, 

I the operation is still a mystery ; and this in 

spite of the fact that the principles involved 

L are extremely simple. 
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I Aa early as 1852 an American, Mnses G. 
Farmer, devised a system of multiplex tele- 
grupliy, which was tested upon some of the 
shorter lines in Boston. Altliough the triiils 
were fairly satisfactory, there existed a difficul- 
ty, inlierent in the methi>d, which Mr. Farmer 
was not at that time able to surmount. Within 
It very recent period the method has been re- 
vivt>d, and the difficulty apparently overcome. 
If continued experience shall justify the confi- 
dence now felt in the new device, it must be ad- 
mitted to be one of the most remarkable inven- 
tions of t!ie time; but, as the principle involved 
ia not that upon which duplex telegraphy has 
grown into success during the past ten years, ita 
consideration must be deferred for the present. 
The germ of the method now in uae must be 
attributed to Dr. Wilhelm Gintl of Vienna, 
who in 1853 suggested the device which consti- 
tutes the basis of most modern systems. His 
attempts to put hia system into practical use 
attracted the attention of inventors in Europe 
and America, and many efforta were made to 
reduce hia idea to practice. Several improve- 
ments in hi^ scheme were patented in Europe 
and in thia country, but it was not until 1872 
that a really trustworthy system was devised. 
Mr. Joseph B. Steams of Boston had been en- 
gaged for several years previous to this date in 
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experiments on simultaneous transmission, or, 
as he called it, duplex telegraphy. In principle 
his apparatus did not materially differ from that 
of his predecessor and contemporaries, and until 
1872 his success was not more marked tlian 
theirs. Early in this year he introduced the 
"condenser" ' into what is known as the "ar- 
tificial " or " compensating " line, thus overcom- 
ing the only serious obstacle to success. The 
great value of his improvement wiia quickly ap- 
preciated, and to Mr. Stearns is generally ac- 
corded the credit of having made the system 
practically possible. The increase in the use 
of the telegraph witliin a few years had been 
such that a generous welcome was extended to 
any device which enabled one line to do the 
work of two ; and Stearns's system was rapidly 
adopted, both in this counti-y and in Europe. 

The fundamental principle is, that a compen- 
sation or balance shall be established in such a 
way, that, when the circuit is closed and a cur- 
rent ia sent from one end of the line, the instru- 
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meat at tbe •endiDg et^oo shall not be affected 
by that canvtit, while that at the receiving end 
shall register as in ordinary telegraphy. There 
are two leading methods by means of which 
this has beeu accompliBhed, — one known iis 
tbe '* diSerential " method, and the other as the 
"bridge" method. In tbe differential method, 
the current is dividt^ in its course about the 
electro-magnet at the sending station. It will 
be remembered, that if a ooil of wire be 
wrapped around a soft iron core, and a current 
of electricity be passed through it. tbe core 
will become a magnet, with its poles arrajiged 
in a deiinite manner, depending on the direc- 
tion of the current. Suppose two coils of equal 
length to be wound around the core in such a 
way that they are similarly situated in regai-d 
to it: a current sent through either of these 
coils will magnetize the core, and, if sent 
through both coils in the same direction, the 
effect will in general be increased. If, how- 
ever, the same current is sent through both 
coils, but in oppoBtte directions, the polarity of 
the core due to ona will be the exact reverse of 
that due to tlie other ; ao that they will exactly 
neutralize each other, and the core will remain 
practically unmagnetized. This is what is ac- 
complished in the differential system. The 
current from tbe battery, which is thrown into 
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the line by the closing of tlie key, divides on 
entering the coils oE the electro-magnet, one 
pai't going throngh tbe line to the distant st;i- 
tion iind to the earth there ; the other, to eiiitli 
directly. Bnt in order that the current sliall 
divide equally, so that the hon>e instrument 
may not respond, the resistances offered by the 
two branches into which it goes must be equal 
to each other. On the one side tbe resistances 
are the magnet coil, the line-wire, and the in- 
strnraents through which the current must pass 
at the other end before reaching earth. On 
the other side is the magnet coil; bo that to 
thia must bo added a resistance equal to tho 
line and the receiving instrument, before the 
balance will he complete. This additional re- 
eistance is preferably of fine wire; German sil- 
ver being very commonly used, on account of 
its high specific resistance. It is introduced be- 
tween the magnet coil and the earth, occupies 
but a small space, and is known as the "artifi- 
cial " or "compensating " line. When the key 
ifl closed, the current divides itself equally be- 
tween these two equal paths, and the instru- 
ment at the sendiiig station ia unaffected. Now 
imagine a precisely similar arrangement at the 
other f.nd, and, for convenience, call one of the 
operators A and the other B. If A closes hie 
key, half the current from his battery traverses 
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the line, and, going to B'b instrument, paasea 
around the core of the electro-untgnet so ae to 
cause it to attract its armature and thus register 
the signal. It is important to observe that this 
I corrent does Dot here divide, and run in opposite 
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Schema for daplex lelegnpbv: a a, BrtlBcnl line or bstlncinft 
tBaistancea ; A b, windenBerB ; c c, rBCoiving inaCruinentB with 
double winding In oppoaiu dirL>ction9. 

directions about the core, but that its direction 
is all the time the name. If B closes his cir- 
cuit, A'b battery being o£E, the current divides 
on entering the instrument, producing no ac- 
tion, precisely as it did in tbe previous case at 
A's station ; and one half of it passing over the 
line operates A's instrument just as before, for 
the two ends of the line are alike in every re- 
spect. 

It thus appears, that, when either operator ii 
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Bilent, the other can transmit a signal, precisely 
as in the ordinary single-message system, ex- 
cept that this signal is not registered on his own 
instrunient, sis it ordinarily is. It will be seen 
that by this airangement eithtir operator, while 
miable to make signals upon his own instru- 
ment, can produce them at the otLer end by 
disturbing the balance which exists there, so 
that each instrument is always ready to receive 
and register signals from the other end of the 
line. On tbis fact depends the pnasibility of 
double transmission ; but tliat possibility may 
appear more evident upon the consideration of 
the details of a simple case. 

Duplex telegraphy implies that both A and B 
sliiUl be transmitting signals at the same mo- 
ment, and each receiving what the other trans- 
mits. To understand that the arrangement 
just described may be made to accomplish thia, 
SQppose that both A and B close the circuit at 
precisely the same moment. One of three con- 
ditions may exist, — both may be intending to 
transmit a dot, both a dash, or one a dot and 
the other a dash. In the hrst case, both keys 
will be closed for the same short period of time, 
during which currents from both batteries will 
enter the line ; but will they now divide equally 
at the electro- magnets, as described above ? If 
they do thus divide, both instruments will be 
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BiL'nt,&nd no signal will be receiveil at either 
istatiou. A little reilection will sliow tliat the 
two equal currents going to tim line neutralize 
each other, »o that neither ia effective, while the 
carrents which at each end Sow around the 
magnet anJ to earth through the artificial line, 
being unopposed, are effective ; and that the 
cores are thus rendered magnetic, and signata are 
recorded at both ends. If these signals were 
intended to he dashes instead of dots, the action 
would be precisely the same, except that it 
would last longer. But it ia a curious fact, and 
worthy of remark, that the signal registered on 
A'a receiver ia made by the cuiTent from his 
battery ; and, fiimilarly, the aignals recorded by 
B'b instrument ai'e produced by the current 
from Ilia battery. 

It only remaina to show what will occur when 
one of the operators desires to transmit a dash, 
and at the same moment the other nishea to 
send a dot. Suppose both keya are closed at 
the aame instant : the condition of things is as 
described above. Now, if B desires to send a 
dot, he will keep his current on only for an in- 
stant; while A, who wishes a dash to be re- 
corded at the distant station, will keep bis on 
for a longer time. While both keys are closed, 
a dot is made at each station ; bat, the instant 
B breaks his current, the condition is that first 
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described iibove, A"a current now divides 
equally at his instrument, so tliat it instantly 
ceases to act; while half of his cnrreiit goea 
through the line and to B"s receiver, causing it 
to rfgiater, until, having completed the dasli, 
A's key ia opened. Thus at A'a station a clot 
Las been recorded, and at B's a dash, precisely 
as was desired. In this caae the dot at A's in- 
strument was produced by the current from hia 
own battery ; while, of ihe dash received at B's 
station, a part equal in length to a dot was pro- 
duced by the current of hia own battery, while 
the remainder waa due to the current sent over 
the line by A. In this way dota and dashes can 
be transmitted at will ; and, as the alphabet 
couaists entirely of these, simultaneous trans- 
miaaion becomes possible. 

To those not fauiiliar with the behavior of 
electricity, this operation may be made some- 
what clearer by the use of a homely illustration. 
Suppose that two people living in a city sup- 
plied with a system of water-works desire to 
establish telegraphic communication with each 
other by means of water. Connection between 
the two points ia made by means of a small 
pipe of iron or other suitable material, into 
which water from either end can be forced by 
opening a stopcock. Some device will be 
needed to show the passage of the current ; and 
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this migbt be a small, inclosed water-wheel, 
with a suitable index, which is made to turn bj 
the flow of water ai-ound it. The essential 
features of such un aiTiingement are shown in 
the diagram. 




Scheme for duplex tcli!f;nipliy by ineni 

The two stations are identical. The stream 
of water, before entering the box containing 
the wheel, is divided into two parts, one of 
which flows around the wheel in one direction 
and thence into the " line." The other passes 
round the wheel in the opposite direction, and 
is emptied through a narrow or crooked pipe. 
Water is admitted by turning the stopcock a or 
J, which differs fi-om the ordinary gas or water 
cock in that an additional opening is provided; 
BO that when the cock is closed, as a is rep- 
resented, thus obstructing the passage from the 
street main, water from above, after having 
passed the wheel, can find an easy exit through 



MULTIPLEX TfLEGRAPnr. 121 

the end of the cock to the naste, along with that 
from the narrow pipe already referred to. The 
latter by being thin or crooked, offers as much 
reaistance to the passage of the water as does 
the whole line, with the wheel aad stopcock at 
the distant end. This corresponds to the " ar- 
tificial line" in the duplex electric-telegraph. 
The water-wheel, with the divided current 
flowing about it, ia analogous to the "differen- 
tial relay ; " and the stopcock to the " key," 
which, in one position, allows the passage of 
the current, and in tlie other atTords free fgress 
of the current from the othiT station to the 
"ground." The water-pressure in the street 
miiin playa the part of the electio motive force 
in the batteries of the electrical system. The 
operation of the whole as a duplex telegraph 
will need little explanation. The operator at 
A transmits a signal by opening stopcock a. 
Water rushes in from the main ; and, since the 
resistances oiTered by the two paths are equal, 
it divides equally in flowing around the wheel. 
Equal currents being thus applied to opposite 
sides of the latter, it remains at rest. Half the 
cuirent, however, passes through the line, and, 
reaching the receiving instrument at B, passes 
around the wheel there on one side, and out 
through the stopcock b; or, if a small part of 
it passes to earth through the artificial line 
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(ami this will alwap be the c&se). it goes in 
Boeb a way » to u<I, and not to oppuse, tfae 
mmvement of Ae wheel. TIius a sigoitl will be 
received at B which will be inttrpreted as a dot 
or a dash, aooording as tbe time of motioii is 
abort OF long. Of coarse;, the tnuismission of a 
I signal from B to A is accomplished in precisely 

the same way. If both stopcocks are opened 
at the same moment, it will e;isi!y be seen that 
tbe two equal opposing carrents in the line will 
prevent any actual flow, and at each end flow 
will tafee place only into the artificial line, and 
signals will be recorded at both. It ia also 
f clear, that if the operator at B, wishing to send 

■A daab when only a dot ia to be tranamitted 
from A, shall continue fo hold hie bey open 
after the other is closed, the balance will be at 
imce established at B, the wheel will cease to 
move, and a dot will be recorded; while the 
current from B, now flowing through the line, 
will maintain the motion ivt A until a dash is 
{ registered there. 

It has already been stated that duplex tele- 
\ graphy was not practically successful until after 

1 the introduction of the "condenser" by Mr. 

Steams. The necessity for its use grew out of 
the existence of a difficulty which is experi- 
enced in a greater or less degree in all electric I 
I telegraphy; and, as frequent reference to it I 
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will be necesjjai-y in the future, it will be desir- 
lible to explitin \ta origin and effect \a this par- 
ticular case, as well aa the operation of the con- 
denser in removing it. 

Every telegraph -conductor, whether sus- 
pended in the air, buried iu the ground, or sub- 
mei^ed in the water, behaves in some degree 
like a Leyden jar ; that is to say, electricity may 
be stored up in it, the amount depending on 
what is technically called its " electrostatic ca- 
pacity." When a current from a battery is sent 
into a line, a part of the electricity is therefore 
used in charging the line, while the remainder 
goes to do the work of making the signals at 
the receiving end. To recur to the analogy of 
the water-telegraph, it is evident that the pipe 
must be filled, or partially filled, before motion 
of the receiving wheel can be produced. Now, 
when a line thus charged is cut off from the 
battery by opening the key, tlie charge exist- 
ing on the line will find its way to the earth, 
at both ends if possible. The effect at the re- 
ceiving end will be to prolong the operation of 
the receiving inatruraent to some estent ; but 
on "overhead" lines this prolongation ia gen- 
erally so slight as not to be a very serious difli- 
culty, except on lines of great length. In the 
duplex telegraph, however, it is clear that tliis 
discharge nmy take place at the sending end, aa 
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\ womiectioii with the earth exists there. The 
effect will be precisely as if a cui-rent h^d been 
received from the other end, and the instru- 
ment at the sending end may thus be made to 
register a fulse signal. Now, the condenser, in 
which electricity may be stored, as already de- 
scribed, baa one of its poles or plates joined to 
that one of the two coils surrounding the core 
of the electro -magnet, which is connected with 
the artificial or compensating line, and the 
other to the earth. When a current is turned 
on, it is chiirged ; and when the current is cut 
off, it discbargi'B through the coil to the earth. 
■By properly regulating the number and size of 
the plates, the effect of this discharge may be 
made to cninpensate exactly for that of the dis- 
charge from the line, since the currents flow 
in contrary directions around the magnet, and 
thus a perfect balance is maintained. Referring 
again to the analogy of the water system, after 
a signal had been sent from A to B by opening 
the stopcock, the closing of the cock might be 
followed by a flow of the water in the line back 
through the instrument at A, and the production 
of a false motion of the wheel. But if it could 
be arranged that an equal flow would take place 
from the artificial line, this, ui^ing the wheel 
in the opposite direction, might exactly balance 
the first, and no signal would be recorded. < 
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The successful anfiompliahraent of simultaue- 
ous transmission of two messages in opposite 
directions, through Stearns's improvements, was 
quickly followed by anotlier remiirkable ad- 
vance, in which the capacity of the line waa 
again doubled, and the quadruples system 
rapidly superseded the duplex. Very soon 
after the publication of Gintl's scheme for du- 
plexing in 1853, the attention of inventors was 
diawn to the question of simultaneous trans- 
mission of two mesaages over the same line in 
the same direction. Numerous methods of ac- 
complishing this were proposed, the earliest of 
which was probably that suggested by Stark of 
Vienna in 1855, who also clearly recognized 
the fact, that, if the thing could be done, quad- 
ruplexing would be possible by combining his 
method with that of Giotl. Much labor waa 
bestowed upon the problem by various inven- 
tors, but its complete solution was not reached 
until after the duplex telegraph liad been per- 
fected by Stearns. The principle common to 
nearly all methods is that of working through 
the line with two currents differing greatly 
from each other in strength or character. The 
two sets of receiving instruments differ in the 
same way, so that each will respond to one of 
the two currents only. 

Perhaps the most satisfactory and successful 
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metliod of accomplishing the end is that devised 
in 1874 by the well-known inventor, Thomas 
A. Edison. In order to discuss its method of 
working underetandingly, it will be desirable 
to remind the reader of the construction and 
operation of the common Morse receiving in- 
strument. In this the signals are produced by 
the to-and-fro movement of !in armature in front 
of the electro -magnet. This armature is of 
soft iron, which does not become permanently 
magnetic, or only very slightly bo, and which is 
attracted by the magnet without regard to the 
character of its poles ; that is to say, the arma- 
tnre will be drawn up whenever a current is 
passed through the coil of the magnet, regard- 
less of the direction of the current. Wlien the 
current ceases, the armature is drawn back 
against its stop by the action of a retracting 
spring, the strength of which may be varied at 
will. Its operation, therefore, depends solely 
upon variations in the strength of the current, 
liud not at all upon its direction. 

But it ia possible to use what ia called a 
" polarized " or permanently magnetic-armature. 
This will be attracted by a m:ignetic pole of 
the opposite sign, and repelled by one of the 
same sign ; so that to-iind-fro movements may 
be produced by reversing the direction of the 
current in the coils, which reverses the polarity 
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of the magnet core. The retr.iftiiig spring ia 
dispensed with, and the working of the instru- 
ment is, in general, independent of the strength 
of the cun-enfc, being influenced only by ita di- 
rection. The cnrrent ia kept on the line con- 
stantly, and. by means of a suitably arranged 
key, a reversal of ita direction ia brought about 
by a single movement, and to this reversal the 
armature instantly responds. Thus there may 
be two independent receiving instruments, one 
of which responds to variations in the strength 
of the current alone, and the other, only to 
changes in its directiou. It ia by combining 
these two that double transmission becomes 
possible. One operator works with a current of 
comparatively feeble strength, the rapid rever- 
sals (if which reproduce bis signals on the po- 
larized receiving instrument. When the other 
cloaes bis key, additional battery is thrown on 
the line, and the strength of the current is 
made sufficient to operate the non-polaiuzed i&- 
ceiver at the distant end, the retracting spring 
of whicb is so adjusted that it will not respond 
to the feebler current constantly on the line. 
This increased current is always under the con- 
trol of the first operator, who is able to reverse 
it at will, the reversal operating t!ie corre- 
Bponding receiving instrument, but producing 
no effect on the other, which worka indepen- 
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dently of directioD. It ia easy to nnderstand 

tbat each has entire control over one receiving 
instrument, and is in no way interfered with 
by the other, and that only one wire ia neceaaary 
in the operation. By combining this system 
with simultaneous transmission in opposite di- 
rections, a quadruplex system results, in whicli, 
upon a single wire, eight operators are em- 
ployed, two receiving and two sending at each 
end, Quadruplex telegraphy baa come into 
very extensive use, and it has enormously in- 
creased tlie working capacity of the telegraph 
syBtems of the \vorld. 

That multiplex telegraphy should follow 
would naturally be expected; but its nearest 
approach to success, thus far, hiis resulted from 
au inviision into new territory, ratlier than from 
the development of the principles involved in 
duplex and quadruplex transmission. Veiy 
muny methods have been proposed for trans- 
mittiiig over a single wire a large number of 
messages at one time. Some of them have been 
tried, and, at least temporarily, rejected. Others 
have been maintained in practice for some time 
with more or less success, but may still be con- 
sidered as "on trial." Tlie general principles 
involved in two or three of the most interest- 
ing systems will be considered : others are, to 
a great extent, modifications of these. 
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ijLIthough Dot the earliest in point of time, 
one of the most important of these, on account 
of the results which have come fiom its devel- 
opment, is what is known as the *'■ harmonic 
telegraph." This has been made the subject 
of investigation in this country by Gray, Bell, 
■ Edisou, and others, but as a system of multiplex 
telegraphy it has been must nearly perfected 
through the labors of Gray. 

The fundamental principles of its operation 
may be understood without great difficulty. In 
the first place, it depends upon the possibility 
of transmitting electric impulses through the 
line with such rapidity, that an armuture, mov- 
ing in response to these impulses, will vibrate 
with a frequency sufficiently great to produce 
an audible musical tone. There is required a 
ti'anamitter, by means of whieh the electric im- 
pulses are thrown into the line, and a receiver, 
by means of which they are reproduced as a 
musical tone at the other end. The transmit- 
ter may be a steel rod or reed, rigidly fixed at 
one end, with the other fi-ee to vibrate. In this 
condition it will have a definite period of vibra- 
tion, precisely as has a tuning-fork or a piano- 
string ; and the number of vibnitions it makes 
in a second will be almost entirely independent 
of its amplitude. Its motion may be main- 
Wined by means of a local current and an elec- 
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magnet ; the latter being placed near to 
it, but not in contact with it. If the current 
flows, the electro- magnet being excited, the 
reed will be drawn aside, where it would re- 
main, were it not so arninged tliat the reed it- 
self, forming or controlling a part of the ciruuit, 
breaks the circuit as soon as it moves eliglitlj 
from its position of rest, and the magnet Cfases 
to act upon it. In virtue of its elasticity, it re- 
turns to and beyund its normal position, thus 
closing the circuit, upon whioh the operation is 
repeated, and the reed is kept in motion with 
nearly a natural frequency. It is only nec- 
essary to make this reed act as a key in the 
main line circuit, to transmit electric impulses 
with a frequency corresponding exactly with its 
own. The inti-oduction of an oi-dinary key, by 
means of which the main circuit is made and 
broken at will, enables the operator to throw 
the rapid succession of impulses into the line as 
he would (in ordin;iry steady current. The re- 
ceiver consists of a reed similar to that used as 
a transmitter, and vibrating with the same fre- 
quency. It is influenced by an electro-m^;net 
placed near it, through which the intermittent 
or vibratory current passfs. 

Now, if the number of vibrations per second 
of the first or transmitting reed is 300, and if 
the receiving vibratea naturally at the samo 
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rate, it is clear that the latter will vibrate under 
the influence of the electro -m signet, whenever 
the transmitter is controlling the line current. 
It is also evident that a good degree of synchro- 
niam must exist in the two vibrating reeds, in 
order that the vibrations may be repitwluced. 
If their periods are identical, whenever the 
transmitter throws a, current into the line, 
which it does at a definite instant in each vi- 
bration, the receiver will be in a position to 
be favorably acted upon by the electro-magnet 
then excited. If, on the contrary, the two do 
not vibrate alike, it will frequently occur, that, 
when the receiving reed is drawn by the mag- 
net, it is being urged in the oppoaite direction 
by its own elasticity, and its motion may then 
be nearly destroyed. Imagine, now, that two 
transmitters and two receivers are connected to 
the same line, and that the vibration frequency 
of one set is 300 per second, while that of the 
other is 500. When both reeds are connected 
to the line, a series of impulses will be trans- 
mitted, compounded of these two frequencies, 
resulting in a sort of composite fluctuation in 
the current strength, similar in many respects 
to the fluctuations in the density of the air, 
when transmitting two sounds differing in pitch. 
But the receiving reeds possess the power of 
analysis and separation. If the vibration fre- 
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|l(iui'iicy of 800 is present in the compoaite, the 
I rued tiiiieil to llmt number uf vibra,tioiis per 
second will ri^gpoiid to it, imd the sanse is true 
of that whose vibration frequency is 500 per 
second; but neither will respond when the vi- 
brations corresponding to the other are alone 
transmitted. By manipulating the keys at the 
sending station, the continuous tones may be 
broken up into " short " and "long," or dots 
and dashes ; and each operator at the receiving 
station has only to attend to these interruptions 
in the motion of his own reed. But the number 
of pairs of vibrating reeds is plainly not limited 
to two ; several more may be employed, and the 
number of messages simultaneously transmitted 
increased ; and this system may also be com- 
bined with the duplex, as has been done by Mr. 
Gray, with excellent results. 

Numerous attempts have been made to ac- 
complish multiplex telegraphy by means of the 
synchronous motion of cylinders, dislia, etc., at 
the ends of the Hue. The production of two 
motions which shall be rigorously synchronous 
is, of course, practically unattainable. Unfor- 
tunately the applications of this principle to 
telegraphy demand a degree of approximation 
to perfect aynchronism which has been found 
difficult to realize; but a considerable advance 
seems to have been made recently by Mr. P. B. 
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Delany, whose multiplex telegraph, based on 
the Bynchioniam of two revolving arms, has 
attracted much attention within the last two or 
three yeai's. 
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The principle of this form of multiplex work- 
ing is exceedingly simple. 
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A single wire oantiecta the two statioQfli and 
ftt each ••nd ia a distributing wheel. A flat, 
circalai- >]isk of woiid or other insulating mate- 
rial is provitled with radial metal strips let into 
its surf.iee, not extending to the centre, and in- 
sulated from each other. There may be any 
nninber of these strips, say, one hundred in all. 
Suppose that it is desired to work five diatiDct 
circuits over one line wire : the first strip will 
then be joined, by means of a copper band or 
wire running around the disk, to the sixth, the 
eleventh, the sixteenth, and so on. The second 
will be joined in a similar manner to the sev- 
enth, twelfth, seventeenth, etc. ; and this opera- 
tion will be continued until five groups have 
been formed, each containing twenty wires elec- 
trically joined to each other. Each gronp is 
then connected with a suitable relay or receiv- 
ing instrmnent and a key, as in an ordinary 
telegraph. The same battery may supply the 
cun-ent for all of the circnits. Moving about 
iin axis passing through the centre of the disk, 
and at right angles to it, is an arm whi.^h con- 
nects through the axis with the line, and upon 
the outer end of whif^h is a spring contact-piece 
which presses lightly upon the face of the disk, 
BO that by the rotation of the arm this spring 
touches successively upon each of the radial 
strips described above, and thus puts each 
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group of tliem, one after another, in contiec- 
tioii witb the line, During ona revolution of 
the arm, any one group, with its receiver and 
key, will be electrically connected with the line 
twenty times; and, if the arm is driven at tlio 
rate of three revolutions per second, bucIi con- 
nection will exist fiixty times in that interval of 
time. Now, imagine a precisely similar appa- 
ratus at the other end of the line; chH tlin two 
station A and U, and the circuits No. 1, No. 2, 
etc. If the movements of the two revolving 
arms at A and B are absolutely sjnchronuns, it 
will be easy to arrange so that circuits No. 1 A 
and No. 1 B will be in electrical connection 
with each other through the line sixty times in 
every second; similarly, No. 2 A and No. 2 B 
will be joined sixty times per second ; bat at 
no time will No. 1 A be in communic^ition with 
any other than No. 1 B, nor will No. 2 A ever 
be connected with any other than No. 2 B ; and 
so on with all of the five circuits. 

It has already been shown, in the considera- 
tion of Gray's harmonic telegraph, that a con- 
tinuous current is not essential to the working 
of a telegraph system ; and it is foimd, that 
with an ordinary Morse receiving instrument, 
if the breaks in the current occur with sufficient 
rapidity, the effect is similar to a continuous 
but weaker currant. In the present instance 
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currtnts are transmitted through each circuit 
at the rate uf sixty per Becond, and this would 
enablti the opemtors to work with each other 
witli nearly the eame ease aa if the current 
■were continuous. The number of circuits may 
be considepihly increased ; and, in fact, as 
many iis seventy-two have been provided for in 
some of Ml'. Delany's instruments, and have 
been BuccesBfully operated. 

As thus far described, the system is really 
nothing more than that suggfsted by Farmer 
in 1852. The same principle has been worked 
over by many other inventors since that time, 
but the real difficulty has always been the seem- 
ing impossibility of maintaining synchronism 
of motion at the two ends with a suffiuient de- 
gree of approximation. Although he has im- 
proved the method in many of its details, it is 
in surmounting this difficulty that Mr. Delany 
has been most successful. The median ism 
made use of for this purpose is somewhat com- 
plicated, and it will be desirable to consider it 
only in a general way. 

The nearest approach to synchronism of mo- 
tion which is suitable for this purpose, is found 
in two vibrating reeds, or tuning-forks, care- 
fully adjusted to agree with each other in pitch. 
Accordingly the revolving arms are driven by 
electric motors, the operation of which is con- 
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trolled by vibrating forks. For tliia puipoae 
the electro -magnets of the motor maybe ex- 
cited by currents which are regularly thrown 
on by the vibrating fork, as was explained in 
the discussion of the harmonic telegraph. But 
the Tibratiun period of a tiiiiiiig-furk is influ- 
enced by the temperature to which it is sub- 
jected ; and it is found that, however perfectly 
two forks may be made to i^ee at one place 
and time, they cannot be depended upon to be 
perfectly synchronous when separated from each 
other, and under different conditions. Without 
some method of correction, the revolving arras 
would soon stray away from synchronism, and 
dire confusion in the cummunioations would re- 
sult. To surmount this difficulty, Mr. Delany 
has introduced extra radial strips in the distrib- 
uting disk, which are not connected with any 
of the branch circuits. They are arranged in 
such a way that, as soon as one arm gains a 
little upon the other, a correcting current is 
thrown into the line, which, by its effect upon 
the magnets of the motor, reduces the speed of 
that which is in advance, and thus a sufficiently 
approximate synchronism is maintained. 

This system is well suited for the distribution 
of telegraph facilities in the neighborhood of 
the termipus of a main line. A dozen or more 
business men in New York may be connected 
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with as many correspondents in Boston through 
one line rxnnecting the two cities. As the 
number of biiinch circuits increases, the rapid- 
ity of transmission diminishes ; but, in what 
may be called " private telegraphy," speed of 
working is generally not of primary impor- 
tance. It is stated that a line between Boston 
and Providence, on which Delany's system waa 
used, worked at the mte of forty words per 
minute over each of six separate circnita ; when 
divided into twelve, the rate waa reduced to 
twenty words per minute; and that seventy- 
two printing circuits were wurked at the rata 
of from two to three words per minute. 

In the application of electricity to the trans- 
mission of signals tlirongh submarine cables, so 
many modifif^ations of the methods alrendy de- 
scribed are found necessary, that the subject of 
submarine telegraphy is worthy of special con- 
sideration, Altiiough at the-present time the 
laying of a cable, even across one of the great 
ocean-beda, la a mere business matter, involving 
only the expenditure of a certain amount of 
money, it has become so only after a vast num- 
ber of failures and the loss of an immense 
amount of capital feebly represented by the 
material lying useless at the bottom of the sea, 
The conditions necessary to success were not 
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at first understood ; for, in the earlier yeara o( 
cable-liiying, it was not considered necessary or 
desirable to utilize the knowledge and skill of 
scientific electriciitns of tlie first rank. Success 
was filially reached only after auch were in- 
duced to study the complex problems involved. 
The lesson was costly but unavoidable. 

The attempt to lay insuliited conductors un- 
der water naturally followed upon the practical 
introduction of the telegraph. Covered with 
hemp or cotton, which was saturated with tar, 
asphaltum, or other insulating materials known 
at the time, they soon lost their insulation, often 
after only a few days' exposure. Owing to the 
great importance of being Jible to connect land 
lines across rivers and lakes, every effort was 
made to discover a suitable material for insu- 
lation, and it was even proposed to use abort 
glass tubes connected together by universal 
joints, to give flexibility. 

While various materials were being tried, an 
English sni^eon, stationed at Singapore, was 
experimenting upon the properties of a sub- 
stance which was destined to afEord the solu- 
tion of the problem. In 1842 he recommended 
gutta-percha as useful in making splints and 
other sui^cal appliances, and shortly afterward 
forwarded specimens of the substance to the 
Society of Arts in London. It soon attracted 
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the aUendon of the oommercial world, and 
numerous patents for its prepai-ation were 
taken out. One of its most striking properties 
ie its high insulating power ; and ita value as 
a covering for submarine conductors was soon 
rect^uized. During the past forty years innu- 
nterable attempts have been made to discover 
something which will take its place, but without 
great success. It is extremely probable that 
the wide-spread use of submarine cables would 
have been postponed many years, had this sub- 
stance remained unknown. One of the first 
cablts'iinsulated by tliis material, and pussibly 
the very first, was laid in 1848 across the Hud- 
son River, from Jersey City to New York. In 
1850 a cable was laid across the Channel, from 
Dover to Calais; but it was unprotected by 
any sheathing or armor, and it lasted but a 
single day. 

In the following year the expei'iment was re- 
peated, this time with a cable protected by a 
number of heavy iron wires. The operation was 
successful, and permanent telegraph communi- 
cation was established. During the next few 
years the number of submarine cables increased 
rapidly, as did also their length, allhougb, on 
account of ignorance in regard to many condi- 
tions necessary to insure the best success, f^- 
ures were numerous. Many people began to 




BUBHARINE CABLES. 141 

consider the feasibility of a Hue cnniiecting the 
cuntineDts across the Atlantic OLean. A few 
BiingiiiiiB capitalists combined to further the 
enterprise, and tbrough the undaunted courage 
and faith of an American, Mr. Cyrus W. Field, 
the purely financial obstacles were surmounted. 
Unfortunately the electrical and engineering 
problems to be met with were not understood; 
und the memorable first cable of 1858, after 
gasping for breath for a few short weeks, lay 
dumb forever at the bottom of the sea. 

Something of the character of this cable may 
be learned from the following brief description 
by Sir William Thomson, to whom, more than 
to any other one man. the world is indebted for 
the success of submarine telegraphy ; — 

In tlie year 1857 as mncli iron as woul<i make a 
cube of 20 feet aide was drawn into wire long enough 
to extend from the earih to the moon, and hind sev- 
eral times aronnd each globe. Tliis wire wtis made 
into 126 lengths of 2.500 miles, and spun into 18 
Btranda of 7 wires each. A single strand of 7 copper 
wires of the same length, weighing in all llO grains 
per foot, was three times coated with gutta-percha, 
to an entire outer thickness of .4 of au inch ; and 
this was " served " outside with 24(1 tons of tarred 
yarn, and then laid over with tlie 18 strands of iron 
wire in long, contiguous spirals and passed through a. 
bath of melted pitch. 
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Ad iitteiDpt to lay this cable in 1857 resulted 
in the loss of 400 or 500 milea, by breakage 
from the stem of the ship from which it was 
run. After sume further expei-imentatioQ, it 
was determined to employ two ships to lay it 
in the following year ; and accordingly, on the 
29th of July, 1858. the Niagara and the Aga. 
memnon, each loaded with half the cable, met 
in mid ocean, joined the ends, and started, the 
Niagara* for the West and the Agiimemnon for 
the East. On the 5th of August the ends were 
successfully landed on the opposite shores of 
the Atlantic 

The cable was known to be in bad condition 
before the laying was completed, and the ear- 
nest but ill-advised efforts which were made to 
force it to work during its brief period of aiC- 
tivity, only tended to shorten its life. Com- 
munication of a very irregular and unaatis- 
factory character was maintaineil for several 
weeks. The admirable mirror galvanometer, 
which had just been devised by Sir William 
Thomson, was for the first time in use at the 
Valentia end, while for a time the attempt was 
made to use the ordinary receiving apparatus, 
which had been provided by the company at 
Newfoundland. The result of this was that 
signals were received with little difficulty at 
Yalentia, while much trouble was experienced 
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•Kewfoundlancl. Later the mirror galvanom- 
eter was put in use on this side, but not be- 
fore very powerful currents had been used on 
the cable, tending to increase existing faults. 
In fact, Sir William Thomson has declared his 
belief, that, if proper methods of handling the 
cable electrically had been in use from the be- 
ginning, its performance would have been last- 
ing, and in the main satisfactory. 

Owing to the fragmentary character of many 
of tlie messages transmitted, a single sentence 
from that of the Queen to the President having 
been received on August 16, and the remainder 
twenty-four hours later, many persona in both 
Europe and America became sceptical as to the 
tranaraisaion of signals, and not a few even 
doubted that the cable had been laid. As a 
matter of fact, four hundred messages, contain- 
ing over four thousand words, were sent. On 
September 1, interchange of messages ceased; 
but on October 20 the cable spoke its last 
words, — " two hundred and forty," — which 
were read at Valentia, being part of a message 
giving the number of battery-cells then on the 
line. From that date the "splendid combina- 
tion of matter lay at the bottom of the sea, for- 
ever useless." But it had not lived in vain : the 
possibility of the thing was demonstrated, and 
it only remained to surmount certain obstacles, 
the existence of which this trial had proved. 
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During u few yeuis succeeding this first at- 
tempt, tiie problem was studied in the light of 
the experience which it had afforded. Another 
trial WU8 niiide iii 1865, this time by the Great 
Eastern, a vessel wliicli offered many itdvan- 
tjigea for cable- laying. After about two thirds 
of the distance wiis run the cable broke, and 
fnrtlter opemtiona were postponed until the fol- 
lowing year, when a complete csble Wiis suc- 
cessfully laid, and that of 1865 picked up, 
spliced, and finished. Since tbeu other lines 
have been placed acmss tiie Atlantic ; and now 
the operation of laying an ocean-cable attracts 
no attention, save from those who are directly 
interesh'd in the enterprise. 

In the construction of a cable, it is essential 
that the wire which is used as a conductor 
should be surrounded by a sufficient thickness 
of as perfect insulating material as is available. 
A line suspended in the air may be insulated 
with comparative ease, for the medium by 
which it is surrounded is itself an almost per- 
fect non-condnctor. The conducting power of 
water, however, is extremely high, compared 
with tliat of air, and the wati^r in which the 
cable lies must nowhere come in contact with 
the copper conductor. The cable must also 
posseBs sufScient strength to survive the opera- 
tion of laying, and to be uninjured by whatever 
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"ffitnrbrtnces it may be sul'jfL'teil to when in 
pLice. 

ConsiBting, aa a cable does, of a long conduc- 
tor surrounded by a thin layer of insulating 
materia), and then again by a conductor, it is 
electrically similar to a great condenser, or 
Leyden jwr, as was observed by Faraday in 
connection with aom« of the earlier short en- 
bies. Refereuce has already been made to what 
is called the " static rapacity " of a land line : 
that of a cable of the same length is generally 
many times as great. If a well-insulitted wire, 
a few hundred or a thouaund feet in length, be 
coiled in a vessel of water, with one end pro- 
jecting into the air or sealed over ivilh gutta- 
percha, the current from a single battery-cell, 
in rushing in to eJiarge the wire, will cause a 
violent defection of the needle of a sensitive 
galvanometer. A considerable length of time 
will be consumed in completely charging a ca- 
ble, and, of course, time will be occupied in dis- 
charging it. The result of this is a great re- 
tardation of signals and a correspondingly leaa 
speed of transmission. It is said, that, if the 
attempt were to be made to use ordinary Morse 
instruments on one of the Atlantic cables, 
hardly more than one wurd per minute could 
be transmitted. The signals are not only re, 
tarded : they are altered in chai-acter, becoming 
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' less sharp and distinct aa the length o£ the ca- 
fe le increases. 

As already remarked, tte use of strong cur- 
rents ia extremely objectionable, and thus there 
are several reasons why ordinaiy methods of 
operating prove insuffii'ient when applied to 
ocean cables. Scarcely any modification ia re- 
quired in the sending apparatus : a sirif^ki key 
for closing the circuit may be used, or a double 
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key, by means of which either positive or nega- 
tive electricity may be sent to the line. It is 
found to be advantageous, however, not to con- 
nect the battery with the line at all ; that is to 
say, not directly, but only indirectly through a 
condenser, one branch of which is connected 
with the line, and the other with the earth 
through the battery, key, and receiving inatru- 
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ment. The condenser ia prepared by insulating 
sheets of tinfoil from each other, as already de- 
scribed. The surface of full used in one of 
these condensers is only slightly less than one 
acre, although it oct-upies a space of Ibes than 
three cubic feet ; and, for the purpose of "du- 
plexing " the cable, a condenser of more than 
two acres of surface has been used. The use 
of a condenser increases the speed of transmis- 
sion, besides offering other advantages. The 
signals are received by an extremely sensitive 
galvanometer, devised for the purpose by Sir 
William Thomson, to which reference has al- 
ready been made. In this the wire is very fine, 
and the number of turns very great. The 
needle is extremiely small, consisting of sevei-al 
short magnets fastened to the amn!l circular 
mirror, the whole often weighing less than 
half a grain. This needle is suspended by a 
single fibre of silk in the centre of the coil, 
which is wound as closely to it as the necessary 
freedom of motion will allow. A beam of light 
falls on the mirror, and is reflected upon a 
screen, where a spot of light is seen. The 
movements of the needle are indicated by and 
magnified in the motion nf this spot, and the 
alphabet is made up of to-and-fro movements. 

This beautiful instrument has been used on 
many cable lines, but it has been largely Guper- 
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Bfded by the "aipbon recoi-der,"' devised by the 
BuiiiQ distingaJBhed electrician. In this a light, 
rectangular coil of Sue wire is suspended be- 
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tween the poles of a poweiful electro- mag net. 
Advantage is tnken uf the fact that a. coil of 
wii-e through which a current is passing tends 
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to place itself iu a particular position in a mag- 
netic field. A fine glass aiphou tube is attached 
to the coil, and moves with it. The short arm 
dips into a vessel of ink, which is insulated and 
capable of being electrified. The long arm has 
its open end very near to a small plate or table, 
over which a strip of paper is moved regularly 
by clock-work, as in the Morse register. The 
whole system (tube and coil) moves with great 
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freedom, and is deflected from its normal posi- 
tion by very feeble currents. The electrifiear 
tion of the ink causes it to be projected from 
the end of the tube in minute drops, so that the 
movements of the coil are recorded on the mov- 
ing slip of paper in very fine dots very near to 
each other. An actual record of the message 
is thus made, which Ciin be read at leisure ajid 
preserved. As noticed by Mr. Prescott in bis 
valuable work on the telegraph, it is curious to 



150 



CENTURY OF ELECTRICITT. 



see, tbat, in the evolution of telegraphic meth- 
cxia, that feature of the Morae syatem which 
was at first thought to be of the highest impor- 
tance, namely, its capacity for recording the 
message on piiper, has been almost wholly dis- 
carded in practice ; while the needle telegraph, 
which in the beginning made no record, now 
finds almost its only representative in the si- 
phon recorder. 




FARADAY S DISCOVERY OP INDUCTION AND 
THE DEVELOPMENT OF THE DYNAMO. 



Among innumerable contributions to the 
world's knowledge of electricity, three splendid 
discoveries stand incomparably above all otliei'a. 
More than all others, these opened new fields 
for research, and created new possihilitieBof ap- 
plication. The discovery of the "new elcctnc- 
ity" by Galvani, wnd of a means of generating 
it by Volta, and Oersted's memorable experi- 
ment in which its influence upon the magnet 
was revealed, have already been described. 
Magnificent results which have sprang from 
these two discoveries have been briefly consid- 
ered, although it cannot justly be affirmed, that, 
in their development, nothing has been due to 
the third member of the tnad. But the cata- 
logue of the accomplishments of human genius, 
as worked out along tlie line of electricity, 
would be very incomplete if terminated at this 
point. Nearly all of the more recent and more 
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BtrikiDg applications of the electric current, in 
which almost daily it is being made to serve 

man in some new capacity, rest upon the last 
of the three great discoveries, — that of electro- 
magnetic induction, by Faraday. 

The Bon of a blat-kemith, for a time a newa- 
paper-carrier, a bookbinder's apprentice at the 
age of thirteen, MiLhat-l Faraday, aa a youth, 
enjoyed few facilities for the acquirement of an 
education. In a common school he learned the 
rudiments of reading, writing, and arithmetic; 
but his apprenticeship, which lasted for eight 
years, afforded some opportunities for satisfy- 
ing his keen thirst for knowledge. He eiigerly 
devoured scientific liteiature which fell in his 
way, and hia attention was especially drawn to 
electricity by the perusal of an article in an 
encyclopjedia which he was employed to bind. 
A customer of his master's shop, who was a 
member of the Royal Institution, afforded him 
the opportunity of attending four lectures oil 
chemistry, given by Sir Humpliry Davy in 
1812. Of these lectures he made an admirable 
series of notes. These he ni?atly transcribed, 
illustrated, iind sent to Davy, with the request 
that he might be given some employment in 
the Royal Institution which would enable him 
to indulge his taste for experiments and study. 
To this Davy replied, praising the notes, and 
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])iomisi»g an interview. At tbat interview he 
advised young Faraday to stick to his book- 
binding, and "promised to give Lim tlie work 
of the Institution, as well as his own, and that 
of as many of bis friends as he could influence," 
Shortly after this, however, Davy dismissed hia 
assistant, and, remembering Faraday's desire, 
he employed him to fill the place. Thus at the 
age of twenty-two years, and under these not 
very promising circumstances, he began a ca- 
I'eer which, for usefulness as well as brilliancy, 
has perhaps never b«en eclipsed. 

Before entering Davy's laboratory, lie bad 
experimented largely in electricity; but, almost 
of necessity, for several years afterwards, his 
attention was mostly given to questions of a 
chemical nature, and indeed, as he declared 
himself, he was "for nearly twenty years a 
atudent," during which time he was laying the 
foundation for the remarkable series of re- 
searches which be afterward carried out. 

Reference hiis already been made to his suc- 
cess in producing continuous rotation of a con- 
ducting wire around a magnet, and also the 
reverse. A little later, about the year 1825, 
the scientific world was puzzling over an ex- 
periment by the famous Arago. It consisted 
in rotating a copper or bras^s disk underneath 
a freely suspended compass-needle: the latter 
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ms defleetri, «nd might, indeed, be made to 
rotate about the axis of sa^irDsioti, prorideJ 
tbe metallic dtak wbb tnmed witb suffioit-nt ra- 
pidity. No one was able to offer a satisfactory 
explanation of these rotations ; but Faraday 
conceived the idea that tbej were dae to elec- 
tricity induced in the revolmng disk, and so re- 
corded his belief in his note-book. Even earlier 
than this he was convinced, that, as an electric 
current affects a nmgnet, and may even produce 
magnetism, a magnet, in turn, must be cap;ible 
of exerting an influence upon an electric cur- 
rent ; anil from 1826 he occupied himself more 
or less in the experimental study of the ques- 
tion. He failed to discover anything like an 
induction effect, and he failed again and ligain 
during the next few years. The subject was 
tigain tiiken up in 1831, and on the 2vlth of 
August lie began that wonderful series of ex- 
perimental researches in electricity which at 
once placed hira in the front rank of living 
philosophers, and established his position as the 
finest experimentalist of tbe present age. 

Farailay's fiiilures arose from the very natural 
belief that induction in "voltaic" electricity 
ought to resemble tbe induction so long known, 
which occurs when a body charged with electrio- 
ity is brought near nn insulated conductor, in 
which case a permanent state of electrification 
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is set up. Again : as an electric current pass- 
ing tlirough a conductor produces a permanent 
deflection of a magnetic needle, tliiit is, a deflec- 
tion which lasts as long as the current flows, it 
is natural to infer that, if the presence of the 
magnet produces a reactive effect npon the cur- 
rent, that effect will last while the magnet is 
present. That generalization known as the 
principle of the conservation of energy, which 




has since been established, and to the proof of 
■which Faraday himself contributed so much, 
shows that neither of these things could hap- 
pen. Bat what Faraday afterwards pronounced 
to be "the highest law in physical science 
which our faculties permit us to perceive," was 
then but dimly outlined in the minds of a few 
men, and could not be depended upon, as now, 
to put a check upon liypothesis. 
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Kuowing that magnetiBm was produced from 
electriuity, ha attempted to produce electricity 
from mftgiietism. For this purpose he used iin 
iron ring about which two or three helices oE 
wire were wound. A current being passed 
through one of them, the ring became mitg- 
netic, and he looked for the production of a cur- 
rent of eliictricity in the other helix. To detect 
this current, he connected the extremities of 
this lielix with the poles of a galvanometer. 

The faculties which enabled Faraday to turn 
a series of failures into success, as he did on 
this occasion, are thus aptly described by Tyn- 
dall : — 

He united vast sCrongth with perfect flexibility. 
Hia raomenttim was tliut of a river, which combiues 
weight an{l direction with t!ie ability to yield to the 
flexures of its bed. The intentiieas of his vision in 
any direction did not apparently diminish his power 
of perception in other directions ; and when he Ht- 
tacked a subject, expecting results, he liud the facalty 
of keeping his mind alert, so that reaulta different 
from those which he expected should uot escape him. 
through preoccupation. 

Thus, although expecting permanency of ef- 
fect, failing to get it, he did not allow the mo- 
mentary movement of his galvanometer to es- 
cape his attention. Indeed, he soon discovered 
that this was the effect for which he was fieaich- 
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ing; that a. momentary current was produced 
in Ilia coil wlien the ring was made magnetic, 
and unother when its magnetiain ceased. He 
developed and expanded his experiments with 
wonderful rapidity, and was aoon able to pro- 
duce electricity from niagnetiam at will. By 
using bits of diai'coal or fine wire, lightly in 
contact at the extremities of bis secondary he- 
lix, and jarring them a little at the moment of 
the passage of the cuiTent. so that separation 
took place, he was able to produce a spark. 
This, to many, was the most striking evidence 
of his success in getting electricity from mag- 
netism; and the general interest in the subject 
caused the experiment to be repeated under va- 
rious conditions. 

Faraday at once saw in these plienoraena the 
explanation of Arago's rotations, believing that 
the metal disk, when revolved under the mag- 
netic needle, was the seat of induced currents, 
which, by their reaction on the needle, caused 
it to deflect. On October 28, he mounted a 
disk so that it could be revolved between the 
poles of an electro- magnet, and connected the 
axis of the disk and its edge with his galva- 
nometer. Wiien the disk was turned, tJie 
needle moved, showing the presence of induced 
currents. This was the first dynamo-electrio 
machine, the parent of all that are to-day flood- 
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ing with light the cities and towns of the civil- 
ized world. 

In the mean time he endeavored to induce a 
current by means of a, current, without the use 
of a magnet. Here again, after many failures, 
he was successful. The results of his work 
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The first Dynamo. 

from August 29 to November 4, during which 
time only ten days had been spent in actual ex- 
perimenting, he collected into the first series of 
" Experimental Reaeiirches," presented to the 
Royal Society on November 24. This paper 
contains all tlie general propositions pertaining 
ilectro-magnetic induction, and in its prep- 
aration his " rate of discovery " can only be 
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coixipared with the work of AinpSre following 
hia receipt of the news of Oerated'a experiment. 
It was followed by other papers, in wliirli. in 
connection with the first, a new and rich &v\A 
of research was opened to electri^'iana. Fani- 
day'a discoveries during these few months, from 
both the scientific and the pi-acticnl stand-point, 
niust rant with those of Galvani and Volta in 
diacovering current electricity, and providing 
the means for its production. Indeed, his dis- 
covery might have been made had the existence 
of current electricity and the battery been en- 
tirely unknown; and all of the modern applica- 
tions of electricity might have followed. As 
!i matter of fact, tlie method of generating elec- 
tricity which he first gave to the world, in addi- 
tion to supplying new demands which it itself 
created, ia rapidly being Buhstituted for the 
voltaic battery, although it ia not likely ever 
to entirely take ita place. 

The fundamental principles of electro-mag- 
netic induction, as discovered by Faraday, tnay 
be thus briefly stated, and almost in his own 
words : — 

1. When an electric current is passed through 
one of two par.illel wires, it causes at first a cnr- 
rent in the same direction in the other ; but 
this current is only mompnlary, notwithatand- 
ing the inducing current is continued. When 
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a curi*ent is broken, another cuiTeiit is p 
iluceJ ill the wire under inductioa, of about the 
same iDtenaity and momentary duration, but in 
the opposite direiition to thiit generated at first. 

2. If a coil of wire whose eud» are joined, 
tlirough a galvanometer or otherwise, go that 
a current can pass, be brought up to a magnet, 
or if the magnet be made to approach the coil, 
a current will pass through the coil. This cur- 
i-ent will not be peiinaneut, but will exist only 
during the motion of approach. If the magnet 
and coil be separated, a current will again be 
induced, but, as in the previous case, its direc- 
tion will be opposite to that of the first. 

In endeavoring to express the conditions un- 
der which induction takes place, Faraday intro- 
duced the conception of "lines of force," being 
lines along which a free magnetic pole would 
move, which haa since played so important a 
part in the theory and literature of electricity 
and m^netism. 

Doubtless no one appreciated the value of 
this work more than Fai-aday himself, although 
he failed to protect his right in it by letters 
patent. It was easy to foresee the immense 
value of the numerous applications which might 
be made of his discoveries, but, after having 
laid the foundation for the electricity of the 
future, he left its development to others. "I 
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have ratlier been deairooa," lie said, " of discov- 
ering new facta and new relations, than of exalt- 
ing those already obtained, being assured that 
the latter would find their full development 
hereiifter." i 

The general piinciple which he had estab- 
liehed was that mechanical energy might be 
converted into electricity in motion, wliich, in- | 

deed, was but another form of energy, capable 
itself of being reconverted into other varieties ; 
for he had shown that a current of electricity 
could cause motion in a mass of matter, and 
that the movement of a mass of matter could 
produce an electric current. In his experiments, 
it was only whiie work was being done that the 
current flowed ; but it was not then as clearly 
recognized as at present, that a real expenditure 
of work was necessary to move a magnet to- 
wards or away from a coil of wire, that is, work i 
in excess of that required to make the move- 
ments in relation to a, coil of rope or other non- 
conducting material. This work is the equiva- I 
lent of the energy of the electric current, and, 
in his experiments, was so small as not to be 
perceptible except as an electric current. When 
he turned bis copper disk between the poles of 
an electro-magnet, he did not observe that it 
was more difficult to movi,' than when the mag- 
uat was absent, althougli ihat is really the case ; 

i^ i 
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an apparent " friction ^itinat space " existing 
'wlicn tlie magnet is present and a current is 
Iwing produced. Tbia friction may raise the 
torriperatiire of the moving conductor, precisely 
as if it were ordinary friction, aa was first shown 
by Joule. 

In order to understand more fnlly the con- 
ditions under which induction takes place, it 
will be necessary to recur to the simple laws of 
elect ro<ly nam icB, as discovered by Oersted and 
Arai>6re. It will be remembered that Oer- 
Hted found that a current of electricity passing 
through a conductor in the vicinity of a magnet 
tends to move the north pole of the magnet in 
a certain definite direction; and that Ampere 
discovered that two parallel conductors attract 
eiich other when traversed by currents in the 
same direction, but repel each other when the 
currents are in opposite directions. In 1833, 
Lenz, a Russian philosopher, announced the 
simple and beautiful law, that currents induced 
uither by the motion of a conductor traversed 
by a current, or by the motion of a magnet, are 
always in such direction as to produce forces 
oppoiing the motion generating them. To over- 
come these opposing forces, the expenditure of 
onerKy la necessary, and this energy is the equiv- 
alent of the currenls generated. 

The problem the solution of which Faraday 
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bequeathed to others was to conBtruct amiicLine 
by means of ■which electricity could be produced 
ill sufficient quantities to be useful, and in 
which the largest possible percentage of the 
total energy consnmed should he converted into 
available electric currents, and as little aa possi- 
ble lost in friction and in heat arising from nnn- 
available currenta. Fifty years have been spent 
in eliminating the difficulties in this probh-m, 
but at the present time its solution is astonish- 
ingly near perfect. During these fifty years, 
innumerable inventors, in both the old and the 
new world, have contributed to the develop- 
ment of Faraday's principle; and it will only 
be possible to refer to a few of the principal 
advances that have been made from time to 
time, and which have combined to give the 
dynamo - electric machine of to-day a nearly 
ideal efficiency. 

Perhaps the first realization of the new prin- 
ciple was in a machine devised by Pixii of Paris 
in 1832. It consisted of an electro-magnet oi 
the horseshoe form, the wire of the coil being 
long and fine; and of a permanent steel mag- 
net, also of the form of a horseshoe, so arranged 
that it conld be rapidly rotated iibout an axis 
parallel to its length, and in such a mitnner that 
its poles passed, at each revolution, veiy close 
to the poles oE the electro-magnet. The soft 
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iron cores of the latter were thus rendered mag- 
netic for an instant by induction, reaching their 
miLximuni strength when thepoh^s of the revolv- 
ing steel magnet were nearly opposite. The 
rapid changes in the intensity and character of 
this magnetization induced currents in the coils, 
first in one direction, and then in the other. 
The extremities of the coils were joined to the 
I'xternal circuit, and currents were made to pass 
through that circuit in the same direction by 
means of a device called a " commutator," 
which, in some form or other, appears in nearly 
all modern machines. The simplest arrange- 
ment for a commutator, and the form used in 
Pixii's machine, consists of a brass cylinder re- 
volving on the axis of the rotating magnet, 
which is divided symmetrically into two parts 
insulated from each other. Metal springs, con- 
nected with the ends of the coils of the electro- 
magnet, rest with slight pressure against this 
cylinder, as do also similar springs connected 
with the external circuit. These springs, and 
parts of the divided cylinder, are so arranged, 
that, when the rotation of the magnet reverses 
the dii-ection of the current in the ooiis, it also 
reverses the connection between the contact 
springs belonging to the electro- magnet and 
those attached to the external circuit ; and thus 
the current, though discontinuous, ia always in 
the same direction in that circuit. 
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■Saxton improved upon this by rotating the 

coils instead of the magnet, on the principle 
that the Ughter part should be the moving part. 
A London iiistruineLit-tii:ikei' named Clarke in- 
troduced many modifications into the macliine, 
and especially in the method of winding the 
coils, finding that veiy different electrical effects 
could be produced by vai-ying the length and 
tliicknesa of the wire. He was probably the 
first to distinguish between what is now tech- 
nically known as winding for "tension" and 
for "quantity;" that is to say, for machines 
of high or low electromotive force. 

The earliest discoveries of some of the phe- 
nomena relating to induction were made by 
Charles G. Page, a young physician of Salem, 
Mass. , At the age of ten years he had con- 
structed an electrical machine, and soon after 
hia graduation from Harvard University he de- 
vised a magneto-electric machine, which differed 
in form and somewhat in principle from those 
already described. He placed coils of wire 
about the poles of a permanent steel magnet 
which was fixed in position. Variations in the 
strength of the magnetic field were produced by 
rotating a soft ifon annature before and very 
near these poles. The weight of the moving; 
part of the machine was thus diminished, and 
the strength or character of the current pro- 
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daced could be easily r^uUted bj adjasting 
tl)'> distance of the revolving armature from the 
poles of the magnet. 

Both Clarke's and Page's machines are still 
Teiy common. The effects produced by them 
are generally very feeble ; but, when they are 
properly wound, currents of considei-able elec- 
tromotive force can be generated. They soon 
came into general use for medical purposes ; 
and, in fact, no method of producing electricity 
has yet been devised which has not been as- 
sumed to fnrniah a current of peculiar value as 
a curative agent. The use of these machines 
fi>r this and similar purposes has greatly les- 
sened since the invention of the induction coil, 
the earlier forms of which must also be attrib- 
uted to Page. They are still very generally 
used, however, as convenient anbatitutea for the 
voltaic battery, especially in the transmission 
of signals, as in the ordinary call-bell of a tele- 
phone system. Other forma of m^ne to-electric 
machines, not differing greatly from Clarke's, 
appeared during this period ; but all were small 
in dimensioiia. and. generating little electricity, 
their applications were limited. 

At last, in 1849, Nollet of Brussels under- 
took the construction of a Clarke machine on a 
large scale, combining many coils and magnets. 
At first an attempt was made to maintain con- 
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Btancy of direction of current iu the external 
circuit by com mutating, as in the simpler forma 
of Clarke m;»chines. After many failures, this 
was given up, and the machine w.is coiivi^rted 
into one giving alteruitte currents. In this 
method of working, the current in the external 
circuit is reversed as often as it is in the re- 
volving coila, which, in some machines of this 
class, is as often as one hundred times per second. 
For many purposes, however, such a current is 
as useful aa one continuously in the same direc- 
tion. An Anglci-French company, known as 
the Gompagiiie de VAlliayiee, was formed to 
carry out Nollet's ideas, from which fact the 
generator has been known as the Alliance ma- 
chine. It is said that this machine was at first 
intended to form a part of a chimerical project 
to obtain oxygen and hyJiogen in large quanti- 
ties by elect rolysia, these gases to be afterward 
utilized in the production of heat and light. 
The amount of heat expended under the boiler 
of the engine which ran it exceeded so much 
that which could be obtained at the paying end 
of the machine, that the company soon failed, 
and deservedly. Its re . organization,' for the 
purpose of manufacturing machines for electric 
lighting, was an event of real importance in 
the history of that industry. It was demon- 
strated that a powerful cniTent of electricity 



k 



J 



A CENTURY OF ELECTRICITY. 

I could be gejiemled by induction, and that elec- 

I trii.' lighting by thia method was possible, if 

[not profitable. 

Up to this time the battery bad been looked 

' upon as the only ineana of producing powerful 
currents, and there was no good reason for be- 
lieving that the battery could ever be made a 
convenient and economical souree; so that the 
practical utiliz»tion of strong currents did not 
appear to be close at hand. One of the forms 
of this machine, designed by Holmes in 1856, 
WHS submitted to the English Light- House 
Boiird. with a proposal for its introduction into 
light-houses, Aftersevere tests, in which Fara- 
day himself participated, tlie machine was de- 
clared satisfactory, and it was permanently 
installed in 1862. Others were introduced in 
France; and, although gieat impiovementa 
were seen to be possible and necessary, their 
success was anch as to encounige inventors 
everywhere in thii belief tliat the difficulties 
were not insurmountable. 

A very considerable advance was made by 
Dr. Werner Siemens of Berlin, in the invention, 
iu 1856, of what is known aa the "Siemens 
Armature," Recognizing the importance of ro- 
tating the coils in a magueiic field of the great- 
est possible intensity, he pl.mned the armature 
as a means of accomplishing thb end. It con- 
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sisted of a long cylinder of soft iron, in which 
two parallel longitudinal slots were cut at op- 
jjosite t? ict rem 1 ties of a diimeter In tbese slots 
the wiie was wound thus forming a 1 ng and 
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narrow coil, which could be rapidly rotated be- 
tween tlm opposed poles of a magnet or of a 
seriea of magnets. This form of armature, with 
slight modifications, is found in many of the 
best modem machines. 

In all of these machines the magnetic field 
was produced by permanent Bteel magnets. It 
is easy to make an electro -mnguft of vastly 
greater power than that possessed by any per- 
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naaent magnet ; and this fact was biken ad- 
vantage f>i by WiMe, who constructed whut 
was renllj n ilouble machiae, coasi&ting of a 
stuallcr one with stt^-1 magnets ant] a Siemens 
armature, the curretit from which waa passed 
thriiugh the large electro-magnets of the other, 
thna exciting & m;igneti(; Beld of much greater 
int«asity thiin wihs before possible. In this 
field another annntun: revolyed, and furnished 
the current ntilized in the external circuit. 

This was hiirdty accomplished when a most 
interesting discovery was made, almost simulta- 
neously, by Wheatstone and Siemens, which 
enabled them tn dispense with the permanent 
magnets entirely. It consisted in utilizing the 
minute traces of magnetism which exist in all 
iron, for the production of feeble currents, 
which, in their turn, excite a more intense mag- 
netization, and in this way the cores of the 
magnets are quickly charged 'to saturation. 
The first mitehine involving this principle was 
exhibited by Wheatstone to the Royal Society, 
on February 14, 1867, and it is not necessary 
to say that it excited the greatest interpBt. By 
a reniarkiible cnincicience, such as occurs now 
and then in the development of a scientific 
principle, on the same diiy a paper was pre- 
sented to the society by Siemens in which the 
same improvement in construction was de- 
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scribed. The coils about the electro-magnet 
nre either ft pai-t of, or a "sliunt" from, tbe 
main circuit. Wlieu tbe armutiire is atarted, 
either the whole of a part of the current cir- 
culates about tbe field-magnets ! and, with ough 
it may be feeble at first, by its effect in incresis- 
ing the magnetism of tbe cores, it very bchiu 
reaches its maximum. The discovei-y of tliis 
method of developing and maintaining tlie 
" field " must always be regarded as of the 
highest importance. 

The production of dynamo-electric machinery 
received a freah impetus from tbe construt-tion 
of a novel machine by Gramme of Paris, in 
1870 ; from which time, in fact, it passes from 
the experimental to tbe industrial and commer- 
cial stage. Gramme's generator produced prac- 
tically continuous currents of constant strength, 
and its merits were due to the introduction nf 
a new form of armature. In the form and con- 
struction of this armiitnre, however. Gramme 
was anticipated by Pacinotti, an Italian, who 
had constructed a machine on this principle in 
1860, but it had remained undeveloped. This 
armature is the basis of those nsed in several 
modern dynamos. Its operation will he better 
understood after a little further considemtion 
of the conditions under whicli induction takes 
place, as discovered by Faraday. 
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s alreadT been mad« to the fact, 
g tbeae cmitlitioos, Faradny made 
■n <t Ab oxpfcssioa " lines of force ; " aud tlie 
atedr of dectra-dynainii; induction is greatly 
£Mlit>tei] by an ander9t;4ndiDg of this far- 
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Katclung eoaeeption. Evvry one is familiar 
vrith tlte experiment of sprinkling iron filings 
ups« a sh««t of paper, wird-lioard, or glass no- 
JvnxNith wbicli a magnrt has been placed. The 
amuigi'ment of thesw filings, espei-ially when 
th« onri-tKurvi is lightly tapped to facilitate 
their mor^meut into Hoes and curves aboat the 
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poles of the magnet, is a very striking aii<3 iu- 

stniutive pbenomenon. In the first of his " Ex- 
perimental Researches," Faraday epen-ks of mov- 
ing a wire so as to " cut " the inHgnetic curves, 
and explains in a foot-note as follows : — 

By maguetic curves, I wean the lines of magnetic 
forces, however uodified by the juKtapositioa of poles, 
which would be depicted by iron filiugg, or those to 
which a very HtniUl cuagaetic needle would form a 
taiigeot. 

From that time these hypothetical lines have 
been usefully employed in the development of 
the principles of electro-dynamics. Accoi-ding 
to this theory, every region in which a timgnet 
would be in any way acted upon or influenced 
is to be considered as a field of magnetic force. 
The region immediately surrounding the earth 
is such a field, as is bIiuwii by the tendency of 
a magnetic needle to rest in a certain direction. 
All fields of force are pervaded by lines of force, 
which arc lines along which the force acts, and 
are defined as above. If a very small magnetic 
needle, suspended so as to be free to move in 
all directions, be bronght into the field of force 
surrounding a miignet, it will come to i-est in, 
or, more accurately, tangent to, a line of force. 
If it be moved somewliat from ila first position, 
its direction will, in general, change, showing 
tliat the lines of force are not parallel. Such 
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in order to induce a current of electricity in a 
wire by means of a magnet, it must be moved 
so R8 to cut these lines of force. If a wire i8 
moved in a field of force in a direction parallel 
to the lines, so as to cross none of them, no car- 
rent will be induced. Furthermore, it was 
found tliat the electromotive force produced in 
the wire (on which, together with the reaistr 
ance of the circuit, the strength of the current 
depends) increases with the number of lines of 
force cut in a given time. This ia on the sup- 
position that a single linear portion of the cir- 
cuit is moved in the field ; and it is important 
tn note, that if a complete circuit, in the form 
of a loop or ring, be moved directly across the 
lines of force in a uniform field, no current will 
be induced as long as the lf>op remains parallel 
to ita original plane. It is easy to see that thia 
is due to the induction, on opposite sides of the 
circuit, of currents opposed in direction, of eqnal 
Htrenglh, which therefore completely neutralize 
each other. If, however, audi a ring or loop be 
twisted out of its plane, a current ia at once 
produced. This leads to an extension of the 
pnnciple stated above, so that it becomes finally 
the following: the movement of the whole or 
part of a conducting circuit in a magnetic field 
will induce a current in that circuit, provided 
that during that movement the number of lines 
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a needle may be used for exploring a field oF 
force; and when the lines are traced out, it 
will be found, as aliown in the expeviinent with 
the iron filings, that the lines of force appar- 
ently spring out of the poles of the miignet, or, 
as is often convenient, they nisiy be imagined 
to come out of the north pole, and to veunitn 
on entering the south pole. They will be found 
to be moat numerous in the immediate vicinity 
of the pole ; bo thiit they may conveniently 
represent the two essential elements of a force, 
direction and intensity, the latter being meas- 
ured by the number of lines cutting through a 
given area, as a square centimetre, taken at 
right angles to thi^ir direction. 

Experiment with the iron filings, or with the 
small exploring needle, shows that the position 
of the poles of a magnet in relation to each 
other detennines the form, and to some extent 
the number, of lines of force at a given point ; 
and the introduction, of a third pole in the 
immediate neighborhood will be found to mod- 
ify them materially. If two mMgnets have the 
opposite poles placed near to each other, or if 
a magnet be bent so as to bring its poles npar 
together, it will be found that, in the region 
directly between them, the lines of force are 
very numerous ami nearly straight. 

Now, Faraday's investigations proved that, 
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3 induce a current of electricity in a 
wire by means of a magnet, it mnst be moved 
80 Bs to cut these lines of force. If a wire is 
moved in a field of force in a direction parallel 
to the lines, so as to crosa none of them, no cur- 
rent will be induced. Furthermore, it was 
found that the electromotive force produced in 
the wire (on which, together with the resist- 
ance of the circuit, the strength of the current 
depends) increases with the number of lines of 
force cut in a given time. This is cm the sup- 
position that a single linear portion of the cir- 
cuit is moved in the field ; and it is important 
to note, that if a complete circuit, in the form 
of a loop or ring, be moved directly across the 
lines of force in a uniform field, no current will 
be induced as long aa the lnop remains parallel 
to its original plane. It ia easy to see that this 
is due to the induction, on opposite sides of the 
circuit, of currents opposed in direction, of equal 
strength, which therefore completely neutralize 
each other. If, however, such a ring or loop be 
twisted out of its plane, a current is at once 
produced. This leads to an extension of the 
principle stated above, so that it becomes finally 
the following : the movement of the whole or 
part of a conducting circuit in a magnetic field 
will induce a current in that circuit, provided 
that dui'ing that movement the number of lin 
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* tJL focce pasaiitg tbrougli the <.-ircuit is iDcreased 
or dinunislieii. It will be understood, of course, 
that reUtive mulion ts here referred to ; that is 
to say. tbii oonduv^'ting circuit may be fixed in 
position, mid tiie number of lines of force pasB- 
ii^ through it may be altered by moving the 
magaetic p(jle from which they spring, aud in- 
doctioQ nitl foUo^v, a& before. 

Any opiemtion, therefore, which changes the 
Damber '>f Hues o£ force passing through a cir- 
cuit. wtU luduce a current in tiiat cii'cuit ; and, 
since this \s equivalent to a modi&catiuo of the 
ttature of the field (as defined by direction and 
intensity), it may be said thnt, in geaenil, any 
modification of the m.t^etic field in the vicin- 
ity of a conductor tfives rise to an iuduced cur- 
rent. A thorough underst^uiding and apprecia- 
tion of this statement will greatly facilitate the 
study of induction machiuery. 

The core of what is known as the " Gramme 
Ring Armature" consists of a soft iron ring, or 
often a bundle of soft iron wires bent into a 
ring and the ends then joined. It is mounted 
so that it can be rapidly rotated about an axis 
through the centre of the ring, perpeiidicuhir 
to its plane, precisely as the rim or tire of a 
car riiige-w heel turns about its axis. Around 
this ring, coils of wire iire wound so that their 
planes pass through ita centre ; that ie, they are 
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situateil exactly aa if they bad been origiii;illy 
wound in a hells around a straight cylindrical 
bar, whiuh was afterwards bent bo that its 
ends joined, thus farming a ring. A number 
of ai'p.irate coils are thus wound ; but they are 
joined together by connecting the proximate 
ends of every pair of adjacent coils to a strip of 
metal, generally copper, there being aa many 




strips aa there are separate coils of wire. These 
strips are arranged in the form of a cylinder 
around tlie axis of the armature, to which they 
are parallel ; but they are insulated from it Hnd 
tfom each other. At the opposite extremities 
of a diameter of this cylinder the collecting 
brushes are placed, consisting generally of thin 
pieces of copper, which are pressed against tlie 
cylinder by means of springs or other devices 
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wUeh •fford some elasticity. The cylinder of 
ban, witb the oollecting brushes, constatutes 
the com ma ta tor. 

The magnetic field in which this arntatare 
reTOlres is produced by » powwrfal electro- 
magnet, generally excited by the current which 
the mschine itseU produces, the opposite poles 
of which lie at the extremity of a diameter of 
the armature. The operation of the machine 
is not difficult to understand. The soft iro;i 
ring core of the armature is constantly rendered 
powerfully magnetic at two opposite points, 
very near to the poles of the stutionary or field 
magnet. At points a quarter of a circumfer- 
ence from these it is neutral, so that the action 
is nearly the same as if the coils were rapidly 
moved around a liiig magnet whose poles were 
at the ends of a diameter. The result is, that 
the number of lines of force passing through 
any particular coil is coiitinually and rapidly 
increasing and decreasing, and the induced cur- 
rpnts are correspondingly strong. These cnr- 
mnta iive carried to the external circuit through 
tlw cuuimiitator bars and collecting brushes, 
and tlm coils are so numerous that the current 
U pi'Hvticftlly continuous. 

Siuwt the construction of the Gramme ma- 
'liiius nupniYvmont id dynamo-electric genera- 
Imw hiw Ikh'h fxtreniely n>pid. and their pntcti- 
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eal use has correspomlingly extended. Innu- 
merable patents have been issued for nmchines 
invplving improvements upon, or modifications 
of, the Gramme armature. Other forms have 
been highly developed, and some entirely novel 
systems hiive appeared, to compete for popular 
favor. Among those commonly in use in this 
country, one o£ the earliest to achieve success 
was that of Mr. Charles Brush of Cleveland, O. 
The Brush armature is similar iu many respects 
to the Gramme, involving, however, imporUint 
modifications in the form of the iron ring core, 
and an ingenious arrangement for connecting 
the coils, which is unlike that adopted iu the 
Gramme armature. The disposition of the 
field -magnets is also different from that of 
Gramme. Another well-known machine is 
that invented by Mr. Weston. This involves 
aevei'al novelties, especially ia the construction 
of the armature. While this resembles the 
Siemens armature in general form, in detail it 
differs from it very much. The commutator of 
this machine is also different from that already 
described, in that the metal strips are laid on 
spirally around the cylinder. The object of 
this is to secure contact of the brushes with two 
of the strips at all times, so that the current 
may be more nearly uniform. The Thomson 
Houston dynamo, which is largely in use for 
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urc ligliting, is unique in the form of its arma- 
ture, whidb is nearly spherical, and consists of 
tliree coila. Mr. Edison, although entering 
(his particular field of invention more recently 
than many others, has produced a machine 
original in many respects, and especially re- 
markable for the tremendotia siae and power ot 
some individual specimens tiiat have been built. 
Many other machines whose success has been 
practically demonstrated might be mentioned. 
£ach machine doubtless possosses some points 
of superiority over M the otliers. In fact, the 
business of building dyrni mo-electric machinery 
has come to resemble very much that of mana- 
facturing steam-engines. Hardly more than 
ten years ago, the phrases " Gramme mjtehtne" 
and "dynamo -electric machine" were almost 
eynonymoua. To-day tht^re ia no one machine — 
there are many ; and in making a selection the 
ruling questions relate to expense of construe- 
tioB, adaptability to special uses, dimensions, 
■weight, etc., precisely as with the steam-engine. 

Reviewing briefly what has been said concern- 
ing it, a dynamo-machine is seen to consist of 
two principal parts. One ot these is at rest, a 
huge electro -magnet of some form or other, 
which, when excited by the current through its 
coils, creates a magnetic field of intense power. 
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Witbin this field is tlie armature, — a coil or 
collection of coils, and often witli magnetic cores, 
— wbicb is whirled around its axis at a apeed 
varying fiom 350 revolutions per minute in 
Edison's giants to 3,000 or 4,000 per minute 
in small laboratory machines. Tlie field of 
force in whicb it rotates is thick with imagi- 
nary lines of force, through which the swift- 
moving coils plunge, and in virtue of which 
one may conceive the induction to be brought 
abont. But though the " lines " wre imaginary, 
and tbo coila touch nothing as tbey revolve, 
it must not be forgotten thiit tliey meet with 
great resistance: unless, indeed, no current ia 
being induced. It cnnnot be too often repeated 
that the energy of the current which comes out 
of a machine is never more, and in fact ia al- 
ways slightly less, tlian the energy put into it. 
It most be said, to the credit of those who have 
contributed to the perfection of the dynamo, 
that already it is able, in some instances at 
least, to return, in the form of enei^y of the 
electric current, more than ninety per cent, of 
that which it draws from the steam-engiae or 
other motive power. That this remarkable re- 
sult has been reached in so short a time is nn- 
questionably due to the faut that tlie science of 
electro-dynamics was greatly in advance of the 
art; so that the laiter, by tiikii;g advanfcige of 
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the former, could accomplish as much in a fen' 
brief yeiirs as has been done in other directions 
through generntious of vague and unsatisfactory 
empiricism. 

It ia certainly not one of the leaat of the 
achievements of the present age, that out of the 
small copper wheel and steel magnet of Fara- 
day, producing currents which required for their 
detection the most delicate and sensitive devices 
at his command, there baa been evolved the 
gigantic dyuamo-macbine, requiring an engine 
of hundreds of horse-power to put it in motion, 
and producing a current of electricity which re- 
quires, for its safe and economical transmission, 
conductors nearly as large as a man's wrbt. 




CHAPTER VII. 

THE BLBOTRIO LIGHT. 

The well-established relation between supply 
and demand would alone establish the fact that 
the invention and development of electric gen- 
erators was the result of a wide-spread recogni- 
tion of their prospective utility. In a general 
way, electricity is useful to man as a convenient 
means of transmitting energy from one point 
to another. In the early stages of its applica- 
tion, the quantity which could be easily pro- 
duced was small ; but it possessed the valuable 
qualification of being easily transmitted to con- 
siderable distances. It was therefore utilized 
in operations in which only a very small 
amount of work was required to be done at the 
distant point, — only enough to produce a vis- 
ible or audible signal; and out of its adapta- 
bility to this end grew the telegraph. 

One of the forms under which it could be 
made to appear, or into which it could be trans* 
muted, was the energy of chemical action ; and 
it was at an early period made use of in electro- 
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Ijsu, dectroplotii^, etc Tb&t it could also be 
transformed into heuC, imd, tfarougli heat, into 
light, was quickly recognized, and the first at- 
ti-iDpta to aiilize it in this way have already 
heen described. The amoont of energy re- 
qatred, bowi^ver, in operations of this kind, ia 
s<i CDDsidemble, that Uie voltaic battery, when 
bailt upoD a scale necessary to the prodaction 
of aufficlently powerful currents, was soon found 
to be nnreliable and ansatisfeictoFy, besides be- 
ing extremely costly. 

The complete solation of the problem waa 
therefore necessarily deferred, until the deveU 
opmeot of the dynamo-electric machine gave 
promise that the economical production of pow- 
erful currents of electricity waa something to 
be certainly anticipated. Along with this de- 
velopment, and, indeed, sometimes in advance 
of it, was the working-up of the other part 
of the problem ; tliat is, the determinatiun of 
tlie best me.ins of utiiizing these currents iii 
the production of light. This part of the sys- 
tem is generally called the " lamp," the use of 
the term arising out of an analogy which 
obvious. 

Although of almost infinite variety, electri 
lamps are easily classified under two species 
in a tew rare cases, however, the separatiun 
not quite perfect. The most extensively used 
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18 the well-known arc lamp. Of this, the num- 
ber of varieties is so great that it will only be 
possible to consider general features, many of 
which are common to all. 

The electric light, as exhibited by Davy and 
the early experimenters, was the arc light, al- 
though nothing deserving the name of lamp 
then existed. Two pieces of carbon in contact 
formed a part of the circuit; and when they 
were slightly separated, if the current was suffi- 
ciently powerful, a brilliant light was produced, 
often taking the form of an arc between the 
two carbon poles. These poles were consumed 
rapidly, and the light was suddenly extinguished 
by the interruption of the current. To provide 
against this, it was necessary to contrive some 
device by means of which the carbons could be 
made to approach each other as they were grad- 
ually consumed. Foucault was probably the 
first to undertake this, and in 1844 he produced 
a sort of hand-regulator ; and at the same time 
he diminished the necessity for the movement 
by introducing the use of hard coke, such as is 
taken from gas-retorts, instead of ordinary char- 
coal. This was only a few years after the in- 
vention of the Grove and Bunsen batteries, by 
means of which fairly powerful currents could 
be generated and maintained for some hours. 
The performance of these batteries gave rise to 
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the hope that the electric light might be eco- 
nomicslly employed, provided a suitable lan>p 
could be devised; and aumerous iDventoi-s at- 
tacked the problem from this time on. It was 
wioQ re^.'ogDized that a successful lamp must be 
•Mti^matic; that is. it must be capable of ad- 
justing itself, and the control of the force ac- 
cnniplishiug this adjustment, if not the force 
itstflf, must originiite in the variations of the 
Rtrvngth of the current. 

A brief consideration of the principles in- 
volved in the production of heat in any part of 
a conductor conveying a current will be of use 
at this point. Reference hsis already been made 
to the fact that a current, in passing through a 
short piece of fine wire, will, if the strength of 
the current be sufficient, raise it to a red heat, 
or to ini'andescence, or will fuse it. It haa 
been clearly proveil, that, if the same current 
be [Utssed through two wires, the heat generated 
in each will be proportional to the resistance 
which it offers : hence an iion wire becomes hot 
or fuses where a silver or copper wire of the 
same dimensions will be scarcely warmed, be- 
cause the latter offers much less resistance than 
the former. Again : it will be remembered, 
that, all other things being equal, the greater 
< resistance in a circuit, the less the strength 
(he current will be. The relation is acca- 
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rately and beautifully expressed in the law jBrst 
announced in 1827 by G. S. Ohm. Guided by 
Fourier's classic investigation of the flow of 
heat in conductors, Ohm, from purely theoret- 
ical considerations, arrived at the conclusion 
that in any circuit the strength of the current 
was directly proportional to the electromotive 
force in the circuit, and inversely proportional 
to its resistance. In 1841, Joule, in a magnifi- 
cent experimental research, proved that the 
heat generated in any part of a circuit was pro- 
portional to the square of the current strength, 
and also to the resistance of that part. 

A consideration of these well-established prin- 
ciples will at once show that, in the production 
of light (heat) at any point of a circuit, it will 
be desirable to lead the current to that point 
through conductors offering as little resistance 
as possible, so that useless generation of heat 
shall not take place ; -and to make the resistance 
at that point just sufficient to produce the re- 
quired result. Carbon does not rank high as a 
conductor, and may be made to ojffer the neces- 
sary resistance in a convenient form, and, be- 
sides, it does not fuse when brought to a high 
temperature. In an arc lamp, if the two car- 
bons be in contact and a current is passed, they 
will not, in general, become greatly heated. On 
account of more or less imperfect contact where 
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the two roda touch, considerable resistauce is 
there offered, nnd they may be heated to red- 
iitrsa. But if they be now separated slightly, the 
" arc " will be established. As they are with' 
drawn from each other, the surface of mutual 
contact diminishes with great rapidity, and the 
resistance increases enormously ; so that at once 
tlie heat generated becomes very great, the tips 
of the rods are heated to incandescence, and 
even, when complete separation takes place, 
the circuit is still completed through the arc 
of minute particles which are driven off from 
the poles, and ulso by the intensely heated air, 
which becomes a good conductor when raised 
to a high temperature. The arc continues, un- 
til, by the disintegration of the carbons, the 
interval between them inci-eases, and tlie re- 
sistance becomes so great that the cunvnt can 
no longer be made to bridge over the interval. 
It is therefore necessary to make them ap- 
proach each other, bnt not so far as to reduce 
the resistance below a certain limit. 

The principles involved in the construction 
of a regulator lamp will now be readily under- 
stood. It is only necessary to take advantage 
of this variation of the current strength, by 
causing it to bring into play forces which t«nd 
to move the carbons to their proper podlion, 
and thus to maintain a nearly steady current 
through the lamp. 
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Ab already stated, innumerable methods have 
been devised for doing this. Almost every 
form of dynamo machine has its accompanying 
lamp, so as to constitute a complete system. 
In some of the earlier forms, as in Foucault's 
first automatic regulator, a train of clock-work 
was used for producing motion in the carbons, 
the train or trains (for sometimes one is used 
to bring together, and another to separate the 
carbons) being started by the increase or de- 
crease of the current strength beyond certain 
limits. This may be accomplished by causing 
the current, or a part of it, to pass through the 
coils of an electro-magnet. When the current 
weakens, the magnet releases its armature, and 
this action starts the mechanism, which causes 
the carbons to approach each other: when it 
becomes stronger, the armature is attracted, 
and this arrests the motion of the mechanism, 
and stops the approach of the poles. 

There are many more successful regulators 
than Foucault's ; and in most of them the action 
of the current itself, aided by gravity, is suffi- 
cient. In many forms two electro-magnets are 
used, one of which is in circuit with the car- 
bons, while the other, of much higher resistance 
than the arc, and therefore taking only a small 
part of the current, is connected arou7id the car- 
bons, as a shunt ; so that the current divides, 
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the greater part passing through the carbons 
Hnd one magnet, and the smaller part through 
the other magnet. These magnets are so ar- 
ranged as to oppose each other in their ten- 
dency to change the position of the carbon rods. 
If the latter are too near together, the resist- 
ance of the arc is relatively small, and a lai^er 
proportion of the current will go throngh the 
coil of the magnet in circuit with the carbons. 
The action of this magnet is to separate the 
[ carbons; but, as this separation continues, the 
' increasing resiatance of the arc throws more and 
more of the current into the coil of the other 
magnet, which shortly becomes the most e£feo- 
tive, the movement is arrested, and, if neces- 
sary, the carbons are made to approach each 
other again. It will be observed that this 
method of connecting and using two magnets 
possesses the great advantage of malting the ad- 
justment dependent upon variations in resist- 
ance within the lamp itself, — a condition es- 
sential to the successful use of several lamps 
on the same circuit. Nearly all lamps in prac- 
tical use have only one movable carbon. This 
is the upper one, and its descent is generally 
caused by its ovfn weight, the mechanism oper- 
ating to check its downward movement, and 
also to lift it through small distances. A de- 
vice is also attached, in virtue of which the 
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breakage of the carbons, or thiHr exliaustion, 
is not allowed to interfere with tiie flow of 
the current through the lamp, — an arrange- 
ment necesBary to prevent the failure of one 
lamp resulting in the stoppage of all others on 
the circuit. It may be easily attached to the 
high resistance magnet above described; so 
tbat when, through accident to the carbons, the 
current through its coils becomes excessive, an 
armature is drawn up which permanently shifts 
the main current through the lamp by an inde- 
pendent route. 

Mention ought to be made of a novel form of 
arc light which, a few years ago, attracted" 
much attention. It is known as the " Jabloch- 
koft candle," and consists of two straight pieces 
of carbon placed parallel to each other, sepa- 
rated by a thin layer of some insulating ma- 
terial. The arc is formed from one c;irbon to 
the other across the end of this insulating layer, 
which is consumed or volatilized as the carbons 
grow shorter. Thus all mechanism is dispensed 
with, the carbon rods being at the proper dis- 
tance throughout their length. This system 
has not proved as successful as it promised to 
be in the beginning. 

The performance of the arc lamp is being 
constantly improved : it is extensively in use aU 
over the world, and is an established commer- 
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1 success. Its light is extremely brilliant, 
[ but, even with the best regulators, atdll some- 
^ what irregular : it therefore finds its phice aa 
illuminator of stt-eets, large public halls, 
nianufa<!turing establishments, etc., and it can- 
not yet be said to be suitable for what may be 
called "domestic" use. 

Nothing is more natural than that the appear- 
I Bnce of a platinum wire, heated to a white beat 
by the passage of a current, should suggest the 
possibility of a system of electric lighting by 
incandescence. But, probably owing to the 
fact that most metals melt before reaching a 
temperature at which the percentage of lumi- 
nous radiation is large, and also, doubtless, to 
the greater brilliancy and novelty of the arc 
light, progress in this direction was for a time 
somewhat slow. The first serious attempt to 
construct an incandescence lamp appears to 
have been made about the year 1845, by J. W. 
Starr of Cincinnati, O. Mr. Starr carried hia 
invention to Europe, hoping to receive rect^ni- 
tion there. After meeting with some encour- 
agement and securing some assistance, he 
started to return home ; but, unfortunately, he 
died at sea, at the age of twenty-live years. He 
seems to have anticipated many of the recent 
investigations in this direction, and his scheme 
included the prwluction of the necessary electric 
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currents by improvemeDta ia induction ma- 
chines. His lamp consisted of a piece of car- 
bon, heated to incandescence, in a Torricellian 
Vacuum. He was followed by numeroua in- 
ventors, who experimented with different flub- 
atancea, as Starr had done before them, but who 
finally settled upon carbon as the most suitable. 
At present there are a number of well-known 
incandescence lampa, differing from each other 
rather in details of construction, and in the 
manner of preparing the carbon, than in any 
essential particular. 

The first real impetus in this direction was 
given by the experiments of Mr. Edison. With 
characteristic industry and enthusiasm, when 
he first attacked the problem, now nearly ten 
years ago, he made an exhaustive examination 
of the adaptability of various materials, during 
the course of which he discovered several inter- 
esting and before unrecognized properties of 
metals. But the results of liis investigations 
led hira to adopt a carbon filament, and a par- 
ticular form of it, wliich he prepares from a 
fine quiility of bamboo. Strips of this are cut 
to the proper size and form, and are then " car- 
bonized " by being exposed to intense heat 
while confined between two plates of iron or 
nickel. After this process, the extremities of 
the filaments are electroplated with copper, so 
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that • pnper jnncttoo maj be fonneil with the 
by means of which they are 
in the wdl-knfnvD pear-ali»ped glass 
These chaunbera are f^hausteil by 
ot mercainr pamps, and the necessary 
for oOQiie«:tii^ the lamps in tLe 
tinaSitn added. 

AwHh^ form l&rgely m use ia the Maxim 
Imp, tbe filament of which ia cat oat of card- 
board by means of a die of the proper form, and 
afterward carbcnixed. The Swao incandescence 
lamp is exteOKTely osed in this country in con- 
nection with the Brush system of electric light- 
ing. Its filament is of cotton thread, which 
receives a preliminary " parch mentizing " by 
being immersed in a solution of Bnlphuric acid 
and water, after which it is carbonized. 

Several other forma of incandescence lamps 
are candidates for pnbltc favor, iuid genemlly 
they do not differ in any essential feature from 
those deecribed. At first the most serious diffi- 
culty with lamps of this species was their ten- 
dency to break down through the disintegration 
and volatilization of tlie carbon filaments, af- 
ter long exposure to the high temperatures de- 
manded. This has been lai^ly overcome, and 
there is little trouble to-day in obtaining lamps 
of long life. 

The incandescence system offers many ad- 



i 



THE ELECTRIC LIGHT. 196 

vantages over arc lighting, the most notable 
being the ease of distribution of the light, and 
its almost absolute steadiness. The most per- 
fect arrangements for its introduction and use 
have been devised, and its superiority over gas 
or other illuminants is admitted by all. Indeed, 
to one familiar with the present condition of 
the art, the surprise is not that the incandes- 
cence lamp can be used, but that it is not used 
much more extensively than it is. If the peo- 
ple were a little less conservative in the matter, 
and electric lighting companies less anxious to 
secure extravagant dividends upon their stock, 
electricity would shortly take the place to 
which it is justly entitled, as the most perfect 
iUuminant at present known. 




ttttt k^ by wiag a fixed mgDet and a movaUe 
OOMhMtor, Badov dartaed what is knowa gen- 
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erally as " Barlow's Wheel," the form of which 
is almost identical with that of Faraday's firat 
dynamo, already described. 

Instead of turning tbia wheel, and thus gener- 
ating a current of electricity, a current is led 
into it from any convenient source, entering at 
the axis, and leaving at the circumference, or 
vice versa. If the wheel or disk be properly 




Barlow's Wheel. 

placed between the poles of a magnet, as in 
Faraday's experiment, rotation will be set up, 
the direction of which will depend upon the di- 
rection of the current and the position of the 
magnetic poles. The current which causes mo- 
tion in this simple machine may come from an- 
other precisely like it, except that in it the disk 
must be turned by hand or by aorae other 
aource of mechanical energy. The experiment 
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I nsefal as sbowing the interchaiigeability of 
the dynaiDO, wLich generates a corrent of eletv 
tricitj, iiDd the motor, which cunverts that cur- 
reut back into what is generally kaowii as " me- 
chanical energy," the motiun of visible masses 
of matter. 

Nearly all forms of telegraph receiving instm- 
menU are machines in which this conversioa \s 
innde ; but in few, if any, of them is continuous 
rotation produced. As this is almost necessary 
in any machine constructed for the general 
purpose of " doing work," the name " electro- 
motor" is usually understood to belong only 
to such arrangements as produce rotation. Nu- 
merous ingenious and costly experiments were 
made in the early days of applied electricity, 
following Faraday's discovery of electro-mf^- 
netic rotations. In a certain sense, they were 
all failures, although they were not without 
their value to the inventor and the student of 
electricity. In the first place, the methods 
then utilized for generating powerful currents 
of electricity were expensive and troublesome ; 
iiud, in the second place, ignorance of the real 
principles involved led to a faulty construction 
of the motors used. 

In spite of this, machines capable of doing 
considerable work were built. In this country 
Heiiry and Page did something to further the 
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BoluHon o( the problem, the latter, especially, 
devoting much time itnd labor to it. After 
much experiment, he built a motor which diJ 
work equivalent to five or six horse power, snJ 
with which he ran a circular saw and a lathe. 
Hii also applied it with considerable success to 
the movement of cars on railway tracks. lu 
Europe, Davidson, Froment, and Jacobi worked 
upon motors, and the last constructed one 
which attracted much attention at the time, 
and was possessed of much real merit. Il; was 
large enough to drive a boat carrying a dozen 
people. A large battery of more than one hun- 
dred cells was required to run the machine, 
and the power produced was exceedingly ex- 
pensive. 

All of these machines are now interesting from 
an historical Btand-point ; but, for reasons al- 
ready given, they were not successful. The im- 
provement of the dynamo-electric machine, and 
the recognition of its " reversibility " (by which 
is meant that a dynamo will run as a motor if a 
current is supplied), revived interest in the sub- 
ject, and within tlie past few years many valua- 
ble and important advances have been made. 
Although the construction of motors cannot yet 
be said to have passed the experimental stage, 
there are many purposes for which they are es- 
pecially adapted, and for which they are dea- 
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tined soon to come ioto general use. When' 
wat«r-power may be obtained at little cost, a 
current of electricity may be generated, and 
conveyed to a neighboring point, and there util- 
ized for running light machinery ao as to be 
rejiUy more economical than a steam-engine. 
Electricity is not likely to be called in, except 
uhere power is to be transmitted some distance; 
and it must be remembered, that, even when 
the dynamo and motor are constructed on prin- 
ciples theoretically perfect, the latter must al- 
ways give up somewhat less energy than it con- 
sumes, so that, in the present state of the art, 
not a very high percentage of efficiency is to be 
expected. Considered as a question ot coat per 
horae-power, the movement of the armature ot 
a relay in a telegraph-office is enormously ex- 
pensive ; but questions of convenience and avail- 
ability often override that of cost. The ease 
with which the electric motor can be manipu- 
lated and controlled, the freedom from danger 
by fire, and the fact that it can readily be in- 
troduced wherever a current from a dynamo is 
at hand, are strong arguments in its favor, and 
give it an availability far beyond that of the 
steam-engine. 

Extensive experiments have been made in 
this country and in Europe in utilizing the 
motor foe driving street-cars and cars upon short 
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railway lines, and with results that give prom- 
ise of ultimate success. Several short electric- 
railway lines are in operation in Europe, and 
one or two lines for street travel in this coun- 
try. In short, the motor is now in a stage of 
its development somewhat similar to that of 
the electric light ten years ago, and there is 
reason to believe that it will yet overtake its 
more brilliant forerunner. 



CHAPTER IX. 



THE TELBPHOKE. 

Phb name of Dr. Chatlea Page I 
occurred seT^ral times in these pages. It was 
his fortune to be a pioneer in several of the 
moat important development-s of electricity j but 
none of bis discoveries were more novel, or led 
to more important and interesting results, than 
a curious obBervation which he made in 1837. 
It was tiiat a bar of iron could be made to emit 
sounds when rapidly magnetized and demagnet- 
ized, and that the pitch of the sound depended 
on the rapidity with which the changes were 
made. This was the first recognition of the 
possibility ol producing musical tones by eleo- 
tricity. 

Thirty-nine years later there was exhibited, 
in the Centennial Exliibitioii at Philadelphia, a 
small instrument, which the most diatinguiahed 
electrician of the time pronounced to be the 
" wonder of wonders in electric telegrapliy." 
By its use, not only was sound produced by 
means of electricity, but a sound at one end of 
an electric circuit was reproduced at the otheiv 
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and ^ith buoIi fidelity that human speech at 
one end was faithfully repeated at the other in 
every respect but in loudness. The instrument 
was exhibited by Alexander Graham Bell, who 
had patented the invention only a few months 
before. As exhibited at Philadelphia, it was 
far from being satisfactory in its operation, but 
it proved that the problem of "talking by tele- 
graph " had been solved. 

The transmission^ of musical tones by means 
of electricity had been previously accomplished, 
and was an operation well understood. PhiSip 
Reiss, in GermanVi had, many years before, 
made use of Page's device as a receiver, and had 
contrived a transmitter very similar in appear- 
ance to several in use to-day. Other methods 
of accomplishing the same result had been con- 
trived, and doubtless more than one inventor 
had the transmission of articulate speech in 
mind. Indeed, another American, Mr. Eliaha 
Gray, was at work in this direction ; and, by a 
curious coincidence, Mr, Gray deposited his 
specifications and drawings for a speaking tele- 
phone in the United States Patent Office, in the 
form of a caveat, on the 14th of February, 1876 ; 
and on the same day Mr, Bell filed bis applica- 

• The word " tranamission " is here and afterward used to 
avoid ciccnmlocntioD. In realily, soonds are not trangmitted 
by the electric tdephono, but airoplj reproduced at the othec 
ro^pdhelina. 
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the latter being received a 
thiui the former. Tbe coinci- 
>r« interestiug when it is re- 
Ht was also on the 14th of Feb- 
marr (1867) that Wheatstone and Siemens 
MtuultampoasW prvaenttfd to the Royal Society 
tbwr ind«>pend«nt disooTery of tbe important 
fwl tih&t ilyuHmo-eleL-tric machiiies could be 
mastrocted and operaied without the use of 
pennanvot maguets. It would seem desirable 
for dJacoTerers and inventors who h:ive anything 
of importance to commuQicate to the public on 
this particular day of the year, to lose no time 
in its announcement. 

Siui'v the successful introduction of the tele- 
phono, innumerable claimants for priority in its 
invention have appeared. It is claimed that 
Reias transmitted speech with hia device, and 
other inventors claim to have succeeded in ao- 
complisbing the same thing previous to the date 
of Bell's patent. The question has long been 
in litigation, and it will perhaps sometime be 
settled by the highest judicial tribunal. It can- I 
not be denied, however, tliat Bell's invention ' 
was the immediate cause of the development of 
BpeiMih transmission by means of electricity, 

Tlie Belt telephone, as originally produced, 
was an extremely interesting combination of a 
dyiiamo-eleutric muchiuu itnd a motor, the two i 
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being identical in form and consti-uctioa ; and, 
as such, its operation will be readily understood. 
When a sound is produced, ener^ is expended 
in its production: this energy cannot be de- 
stroyed, although it can seldom be recovered. 
Ordinarily, when a word is spoken, the energy 
necessai'y to or consumed in its utterance first 
appears as a series cf waves of compression and 
rarefaction in the air, where most of it is finally 
transformed into heat. It is possible, however, 
to transmute at least a part oE this enei^y into 
otlier forms. Solid bodies may be made to vi- 
brate by the sound of the human voice, and by 
a suitable contrivance it may be made to do 
work in running a machine and overcoming 
other reaistancea, always, of course, of no great 
magnitude. In the telephone the sound of the 
voice ia mnde to do worfc ; this is converted into 
the energy of an electric current ; and this, in. 
turn, is reconverted into mechanical energy, re- 
sulting in sound. The form of the ordinary 
Bell telephone receiver is so well known as 
hardly to require description. 

Internally it consists of a small cylinder of 
steel which is permanently magnetized, and 
around one end of which is a coil of fine wire. 
Just in front of this end of the magnet, but not 
quite in contact with it, is a thin circular mem- 
brane or disk of iron supported at its circum- 
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ference. Originally the transmitter was pre- 
cisely like this receiver. One end of the fiiu' 
wire coll of each is joined to the line connecting 
the two points, and the other end is eonnectfil 
with the earth. 

Now, if a sound be produced near the thin 
disk of the transmitting instrnment, it will be 
made to vibrate. Althongh these Tibratioua 




generally used. 



are exceedingly minute, they are sufficient to 
produce changes in the magnetic field in which 
the coil of fine wire lies, as in Page's induc- 
tion machine ; and, aa explained in a previous 
chapter, any change in the nature of this field 
will produce induced currents in the wire coil. 
These curreiita will be transmitted through the 
line, and, flowing through the coil surrounding 
the pole of the receiving magnet, will produce 
variations in the intensity of its magnetization. 
Juat what goes on at the receiving end has been 
ft subject of considerable dispute, and the opera- 
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there 18 unqueBtionably a complex one, 
Since sound is produced, tbei-e must be vibrations 
of parts of the receiver ; and these must vary in 
rapidity and form, ulong with the variations in 
rapidity mid foim of the electric waves gener- 
ated by the action of the transmitting instra- 
ment. There is doubtless a vibration of the 
thin plate of the receiver, due to variations in 
the strength of the pole of the magnet near 
which it is placed ; but talking can be heard 
when the metal disk is absent, so a part of the 
result must be attributed to what is culled " mo- 
lecular " vibrMion, as in Puge's original device 
for producing sound. 

But the wonder of it all is, that the trans- 
mitting disk takes on, and the receiving appa- 
ratus reproduces, all the various phases and 
forms of motion impressed upon the air by the 
voice, and essential to reproduction of that 
voice in articulate speech. Nothing like it in 
simplicity of construction, combined with com- 
plexity of operation, is to be fouud in any other 
human contrivance. 

The electric currents thus generated and 
transmitted are necessarily extremely minute. 
The amplitude of vibration of the disk has been 
estimated to be only a small fraction of the 
length of a wave of yellow light, of which there 
are about forty thousand to the inch. It h&a 
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also been determined tLat tba receiver repro- 
duces not more than one ten-thousandth part of 
the "volume of sound " received by the trans- 
mitter. As a "motor," it must be considered 
as having extremely low efficiency, although, 
on the whole, very effective. 

The telephone aa at firat used, and as just 
described, was much less satisfactory in its per- 
formance than it is at present. Its working 
has been vastly improved by the use of other 
forms of transmitting instruments, by means of 
which variations of current strength of much 
gi'sater intensity are transmitted over the line, 
while still retaining the character iatica neces- 
sary for the reproduction of speech. 

The transmitters generally in use at present 
depend upon a curious and important discovery 
made by Hughes in 1878. It consisted essen- 
tially in the fact, that, if a piece of carbon be 
allowed to rest lightly upon another, and an 
electric current be passed from one to the other 
in a circuit in which there is a Bell telephone 
receiver, the latter will respond to the faintest 
sounds in the vicinity of the carbons. Various 
other substances (imperfect conductors are gen- 
erally better) may be used instead of carbon, 
and the arrangement is called a " microphone," 
Its operation is due to the fact that imperfect 
contact exists where the two carbons touch 
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each other; and the slightest disturbance is 
sufficient to alter the extent of that contaut, 
Hod thus to Viirj the resistance of the circuit. 
In accordance with the law of Ohm, the current 
varies with the reaistaoce ; and this variatiou of 
the current acta, aa already explained, to pro- 
duce sound from the receiver. Various forma of 
Iranamitters employ the principle of Hughes's 
microphone. An important modification eon- 
eiats in the arrangement of the tranamitter in a 
local circuit rather than in the line. The re- 
sult of this is that much greater variations of 
current strength can be produced. The tmuB- 
mitter includes a much lai^er part of the re- 
sistance of the local circuit than it would of that 
of the line ; so that, for a given altei-ation of 
its own resistance, that of the circuit ia altered 
hy a much latter percentage. The local cir- 
cuit includes the primary wire of a small in- 
duction coil, the secondary or outer coil of 
which ia connected to the receiving instrument 
through the line. The operation of the system 
is somewhat as follows : the sound-waves fall- 
ing on a membrane or disk similar to that in 
the receiving instrument, sets it in motion in 
such a way as to produce variation of presaure 
at the microphone contact, generally placed in 
the rear of the disk, and corresponding varia- 
tions in the strength of the local current re- 
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Bult. Changes in the strenyth of a current 
flowing in the vicinity of n coil are equiyalent 
to movements of ihat current towards or awin' 
from the coil ; and, as sliown by Fiiniday, in- 
duced currents must traverse the coil. Tliese 
induced cunents go inio the line, and do their 
work in the receiver at the distant end, precisely 
as in the original form of the instrument. The 
introduction of the microphone transmitter with 
the local circuit and induction coil has greatly 
strengthened the telephone, and rendered its 
nae much more easy. 

Mr. Edison devised a transmitter in which a 
small disk or Lutton of soft carbon, prepared 
from lampblack is used as the element of varia- 
ble resistance, the movements of the membrane 
modifying the pressure which it normally exerts 
upon the ciirbon. Owing to the excessive sen- 
sitiveness of the resistance of this foi-m of car- 
bon to variations of pressure, it is admirably 
adapted to this use. A large number of trans- 
mitting instruments have been invented ; but 
not many have come into use, except those 
which depend for their operation upon the 
principle of the microphone. A tew devices 
for telephone receivers other than Bell's have 
been invented, one or two of which are novel 
and original, especially those of Edison am 
Dolbear. The latter may be called an *' electro- 
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static " t«Ieplione, as it contains no permanent 

magnet and iiu beli:c of wire. In fact, it de- 
pends upon the priuciplu ul attraction and re- 
pulsion between two electriKud bodies. Prac- 
tically, it is an extremely satisfactory receiver. 
Difficulties of a legal character bave prevented 
tlie introduction of tliese inatruments up to the 
piesent time. 



CHAPTER X. 

' • . 

SECONDARY AND THERMO-ELECTRIC BAT- 
TERIES. 

Only a few years ago a good deal of commo- 
tion waJs created, in both the scientific and the 
unscientific world, by the appearance of what 
lias been variously called the " storage bat- 
tery," the " secondary battery," and the " elec- 
tric accumulator." Some method of econom- 
ically storing or accumulating energy so as to 
be easily transportable has long been the hope 
and aspiration of every intelligent mechanical 
engineer. For a time the belief that the prbb- 
lem was solved through the use of electricity 
was wide spread ; and innumerable stock com- 
panies; i'epre'senting a fabulous amount of capi- 
tal, were quickly organized for the purpose of 
developing this new industry. 

The expectations of the promoters of these 
schemes have not been realized, but a good 
deal of valuable information concerning the be- 
havior of secondary batteries has been accumu- 
lated; at an expense far greater, however, than 
would have been necessary, had the whole sub- 
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into a compact cylindei'. This, when immersed 
in a vessel of dilute jwid, could be cliargud by 
meiins of a current from a dynamo or fnim an 
ordioary battery. The action which took placu 
dunng the charging was at first simply thu lili- 
eratiou of the gases oxygen and hydrogen, na 
in Ritter's battery j but these gases combined 
with the lead, altering its appearance, causing 
it to have a spongy texture, and covering one 
of the electrodes with a film of peroxide of lead. 
It waa found that if the charging was repeated 
6r8t in one direction and then in the other, for 
Bome days, a great improvement in the charac- 
ter of the cell waa brought abnnt, and this op- 
eration was Cidled " forming " the cell. 

Plant^'a work did not command great attpn- 
tion — not, indeed, as much as it deserved ; and 
it was a modification of liis method devised by 
Fanre which created the first excitement in 
financial circles. Fanre's improvement con- 
Bisted in coating the lead plates in the beginning 
^titb red lead, by which means the operation of 
ming was avoided, and the capacity of the 
i greatly increased. The introduction 
o'b battery was quickly followed by a 
jet of proposed secondary nr stoiage 
n all or nearly all of which electrodes 
i.f li.n.l nljifps mo made use of. Tliey 
■ vy, and are diUicult 
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t" tnniiport. As s m«ans of conveying energy 
fn>ni one pmut to another, they preseut only 
advantages of xvni I ability. Four celts brought 
to London in 18S1 weighed seventy-five pounds, 
and were said to be cbarged with one million 
foot^ands of enei^, equal to the work of a 
bone for half an hour; but this is not more 
than the energy stored in an ounce or two of 
coal. The energy of the battery is, however, 
mnch nion> easily drawn upon and utilized 
than that of the coal. 

It must not be imagined that electricity ia 
actaallr stored up in one of the cells ; what is 
stored is the energy of tlie electric current, 
-which disappears in producing certain chem- 
ical changes in the cells, a large part of this 
energy being capable of reproduction as an 
electric current. A form of battery proposed 
bv Messi?. Thomson & Houston illustratea the 
principles of their opei-ati»n. The ordinary 
gravity-battery contains, as ia well known, a 
plate of copper at the bottom of the cell, and 
over this is a solution of sulphate of copper 
which is blue in color. Above this is a 'clear 
solution of sulphate of zinc, in which the zinc 
electrode rests. If the zinc and copper poles 
be joined by a short, thick wire, a current of 

sotrioitv passes, metallic copper is deposited 
' a copper plate, and zinc is dissolved in the 
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Bolation. If this, operation be allowed to con- 
tinue, and no fresh crystals of sulphate of cop- 
per be added, the blue color will finally disap- 
pear, the copper having all been deposited in a 
metallic form. Now pass a current from a dy- 
namo, or from another battery of several cells, 
in a direction opposite to that of the cell in its 
original condition, and the " recovery " of the 
cell will take place ; that is to say, zinc will be 
deposited on the zinc plate and a solution of 
copper sulphate will be formed. When this is 
completed, the cell may be used as an indepen- 
dent source of electricity, as before. Messrs. 
Thomson & Houston do not, of course, make 
,use of the cell in precisely this form, but begin 
with a solution of zinc sulphate in which is 
immersed a copper plate and also a carbon 
plate, the latter taking the place of the zinc 
electrode in the arrangement described above. 
When a current from a dynamo is passed into 
a cell or series of cells of this kind, copper is 
.dissolved from the copper plate, and zinc is de- 
posited on the carbon ; so that at the end of the 
operation the cell is itself capable of generating 
a current, and in so doing it falls back to its 
initial condition. The progress of charging can 
then be repeated. 

There are innumerable ways in which storage 
batteries would be immediately utilized, if they 
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were found to be trustworthy. As an adjunct 
to electric-lighting plants, they would be espe- 
cially valuable, lis the energy consumed at night 
could be accumulated during the day. Many 
earnest attempts ti> perfect them have been 
made, and it cannot be denied that they have 
been afforded a fair trial. Although they are 
now in use to some extent for special purposes, 
it ninst be admitted that much remains to be 
done in the way of improvement, in order to 
establish a claim upon the confidence of the 
public. Their want of durabiHty is their most 
serious fault. For a time, and in skilled hands, 
they may behave admirably, but they may un- 
expectedly break down without apparent rea- 
son. 

Two principal methods of generating elec- 
tricity have thus far been considered. — that 
of the battery, due originally to Volta ; and 
that of the induction machine, due originally to 
Faraday. No account, however brief, of the 
growth of the science of electricity, or the de- 
velopment of the art, would be complete with- 
out reference to a third method, which was dis- 
covered by Seebeck of Berlin in 1821. One of 
the earliest contributions growing out of Oer- 
sted's discovery, it has since played a most im- 
portant part as affording an instrument of great 

^ue for purposes of research, as well as in 
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raising qaestions of great theoretical interest 
and importance. Seebeck's discovery was that 
if a circuit be formed of two wires of different 
metals, or even of the same metal in different 
physical conditions ; and, if one of the junc- 
tions of these two wires be at a higher tempera- 
ture than the other, a current of electricity will 
be established in the circuit. By selecting 
metals best adapted for the purpose, and by 
combining them after the manner of a battery 
arranged in "series," currents of considerable 
strength may be produced in circuits of low re- 
sistance. Combined with a very sensitive gal- 
vanometer, a thermopile thus constructed fur- 
nishes a method for determining the minutest 
differences of temperature. Numerous attempts 
have been made in recent years to construct 
thermo-electric batteries of such dimensions as 
to produce currents of electricity comparable 
with those produced from an ordinary battery 
or dynamo-electric machine. By using as many 
as six thousand elem^^nts, a current sufficient 
to maintain an electric light was generated in 
Paris in 1879. 

The efficiency of these batteries is extremely 
low, not more than four or five per cent, of the 
heat applied being reproduced in the form of 
electric energy. In spite of this, they would 
be widely used were it not for the fact, that, 
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like the storage battery, they ai'e liable to do- 1 
teriorate, Tliia diiBculty does not seem insur- | 
niountable, and the thermo-battery may yet I 
extensively employed in work for which it is 1 
especially adapted. By ita use, heat is trans- J 
formed directly into the energy of electric cur- I 
ri'iits, without the interposition of a steam- 
engine ; and in spite of ita low efficiency, in 
connection with a fairly perfect system of elec- 
tric storage, it may occupy a wide field of use- 
fulness in rescuing vast quantities of waste heat 
from useless dissipation. 
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Fbom the rubbing of a bit of amber, to the 
telegr»,ph, the telephone, the electric light, and 
the electric railway, ia a long distance in more 
than one aense. That it has been traversed by 
the ingenuity of man, and mostly during the last 
liundred years, goes far to justify the most ex- 
travagant praise which, even by poetical license, 
man has bestowed upon himself. The attempt 
has been made in these pages to give a some- 
what connected account of this wonderful prog- 
ress, and especially to bring into prominence the 
few principal points from which these successful 
attacks upon the mysteries of nature have been 
made. Within this hundred years there have 
been three notable discoveries in electricity, 
around which all others cluster, and from which 
they all have grown. These three have immor- 
talized the names of Galvani and Volta, Oer- 
sted and AmpSre, and Faraday. 
I It has been impossible to consider, indeed it 

I would have been impossible in these pages to 
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catalogue, all of the contributiotia to the science, 
or the devices of ingenioua inveotors who have 
provided for ite priictical application. It has 
only l>een attempted to develop the fusdamen- 
tal principles which undeilie these applications, 
and to illnatrate them in the explanation and 
discuasion of some that are diBtinguished for 
their importance, or novelty and promise. 

It might naturally be expected that some- 
thing in the way of a forecast of tjie possible 
future of this department of human knowledge 
would be undertaken. However tempting that 
task might appear, the usefulness of its per- 
foi-mance might Berioiisly be questioned. The 
history of prophecy in the past would seem to 
prove that it is at least dangei-oue to predict 
what can not be accomplished in the future. It 
may be well, however, to put a check upon 
the estraviigance of the imagination in matters 
of this sort. The entbusiastic should not for- 
get that the gieatest generalization of modem 
Bcience has for its principal object the establish- 
ment of limitations. The doctrine of the con- 
servation of energy has done for the philosopher 
and for intelligent inventors what the doctrine 
of conservation of matter, as established by the 
early chemists, did for the seeker after the 
philosopher's stone. It has shown that no en- 
ergy can be obtained from a place where it ia 
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not, and its recognition guides alike the student 
of science and the so-called " practical " man in 
their researches and inventions. More than 
ever before in the history of science and inven- 
tion, it is safe now to say what is possible and 
what is impossible. No one would claim for a 
moment that during the next five hundred years 
the accumulated stock of knowledge of geogra- 
phy will increase as it has during the last five 
hundred. The great continents have been dis- 
covered and explored ; the great rivers and 
mountain-ranges have been traced, measured, 
and mapped ; and, although much still remains 
unknown, future progress must be mostly in 
matters of detail. In the same way it may 
safely be affirmed that in electricity the past 
hundred years is not likely to be duplicated in 
the next, at least as to great, original, and far- 
reaching discoveries, or novel and almost revo- 
lutionary applications. Nevertheless, in passing 
over the ground the reader must have observed 
many avenues opening into the region of the 
possible which are yet unexplored. Although 
more than fifty years have elapsed since Fara- 
day's discovery of induction, the full benefits 
to be derived from its development are not yet 
realized. 

It can be fairly expected that great advances 
will be made in the near future, and particularly 
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R8 progress in one dppartment of ecieiicn is bo 
linked witli that in otliere. While growth may 
in general be antidpateil along the lines r1- 
rcitdy laid out, Ihe diecoveiy of a new element, 
posBt^ssiiig iinusiml and leniiiiliable electric 
properties, or the production of anewalloy with 
similiir characteriaticp, might at once open the 
way to a host of practical applications of elec- 
tricity not now dn'amed of. It ifi also to be ex- 
pected tlmt many devices at present more or 
less imperfect and iin satisfactory will be per- 
fected Hnd completed in the not distant fntnre. 
The telephone and the electric light are the 
first applications of electricity to claim admis- 
sion to every home, the special training neces- 
sary to the manipulation of the telegriiph 
naturally restricting its use. The telephone, 
ten years after its first iiilroduclion, is more 
Brttiafactory in its performance, and far more ex- 
tensively used, than was the' telegraph in the 
corresponding period of its history. 

In every honse, in cities and towns, there 
must be a supply cf electricity to be drawn 
upon, as water ia at present. Then, in addition 
to its use as a source of light, much of the labor 
of the household will be performed by means of 
Bmall electric motors. The economical storage 
of this form of energy must soon be accom- 
plished, and this will greatly enlarge Ihe field 
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of ita usefulness. The euccesBful transfer of the 
energy of falling water, through melullic con- 
ductors to distfint points, is one of the results 
which can and will be reached. "Seeing" by 
electricity has been much talked of: some 
schemea for its accomplishment have been 
suggested, and the openition is one which can- 
not be classed with the impussible. These and 
many other things will doubtless come in time, 
along with other nanfnl ajiplications of the elec- 
tric current not now thought of. 

Frora an origin rs'mote and uncertain, elec- 
tricity came duwn to modern times, and for 
more than two thousand years almost nothing 
was known of the laws which control it. In 
1786 it appeared to Galvani in the guise of a 
strangor, and as such received a hearty welcome. 

Ita . identity was soon established, but it 
proved to be much more amenable to treatment 
in the new character than in the old. During 
the past hundred years it has pushed ita way to 
the front, and made itself indispensable to the 
comfort and happinpss of mnn, to a degree little 
less than marvellous. It now enters upon the 
second centenary of its new life, during which 
there is every reason to believe that its nsefnl- 
ness will be vastly extended, although its 
growth and development may be less phenom- 
eaal. 



POSTSCRIPT, 1890. 

BabELT ttree yeara have elapsed since this 
little book made its first appearance. It was 
designed to be a brief chronicle o£ the principal 
events which were strung along the first century 
of modern electricity, at the end of which dis- 
coveiy and invention were seen to be advancing 
at .1 pace apparently justifying the prophecy that 
the second century might rival the first. Al- 
ready some notable advances have been made, 
and although they belong to the century which 
is to come, rather tlian that which is completed, 
it seems not improper to add a few pages de- 
scriptive of some of the more important. 

No one can have failed to notice the large 
extensions of the practical applications of elec- 
tricity, and especially in its production and dis- 
tribution for purposes of illumination. Elec- 
tric-lighting plants have multiplied with great 
rapidity, and in America there is scarcely a town 
containing more than two or three thousand 
inhabitants that does not enjoy the blessings of 
the new illuminant. It has been found to be 
particularly well adapted to the necessities of 
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smaller cities and towns, the original expense of 
the equipment for lighting being much leas than 
that required by a gas establishment. The elec- 
tric light is displacing other methods of illumi- 
nation on steamships and men-of-war and a fair 
beginning has been made in its use on railway 
trains. An advance even more rapid has taken 
place in its utilization as a means of transmitting 
mechanical energy, and particularly in the ap- 
plication of electricity to street-car locomotion. 
The electric car is now to be seen in most large 
cities, and in many smaller ones, where it is no 
longer regarded as a novelty. Most, if not quite 
all, of the difficulties encountered in its applica- 
tion to locomotion have been overcome, and the 
exploitation of electric railways may now be re- 
garded as a legitimate business. 

Great attention has been paid to the develop- 
ment and introduction of alternating currents, 
and alternating systems have come to the front 
with great rapidity, claiming, and in many re- 
spects justly, decided advantages over those using 
direct or continuous currents. As this develop- 
ment has taken place lai^ely during the past 
three or four years, it will be worth whUe to re- 
fer in some detail to the difference between this 
system and that of the continuous current. In 
chapter YII. the use of a commutator as a part 
of a dynamo is described. By it the current is 
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directed into the maia circuit from a coil or a pi 
of a coil while it is passing through a particular 
part of the magnetic field in a particular direc- 
tion, and thus the current through this circuit, 
while It may vary in strength from one moment 
to another, is always going to the same direc- 
tion ; and if the strength variations are small 
enough, or if they occur with sufficient frequency, 
the current ts practically continuous. If, how- 
ever, the extremities o£ an armature coil are 
permanently connected, through siutable sliding 
contacts, to the ends of the conductor forming 
the main circuit, the current will be reversetl in 
this circuit, just as it is reversed in the armature 
coil as it moves through opposite portions of the 
magnetic field. As this magnetic field cannot be 
maintained by these rapidly reversing currents, 
it will be seen that this system requires that the 
field magnets must be permanent steel magnets, 
as was the case in many of the earlier machines, 
or their coils must i-eeeive a continuous current 
from a separate machine or equivalent device, 
such as commutating a few of the coil.>4 for the 
production of a continuous current. The arma- 
ture usually consists of a number of coils sur- 
rounding iron cores, which revolve rapidly in 
front of a corresponding number of fixed elec- 
tro-magnets, although in some machines the re- 
volving magnets constitute the inducing portion. 
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and the currents are induced in the stationary 
coils. These currents are reversed with great 
frequency, often hundreds of times in a second, 
and are especially suitable for cei-tain operations, 
such as feeding the Jablochkoff Candle, with 
which they were at one time quite extensively 
used. Although they suited other systems of 
electric lighting, the production of nearly con- 
tinuous currents through the invention of the 
Gramme Armature resulted in their being neg- 
lected for several years. 

Alternate current machines are especially 
adapted for the production of cuiTents of high 
electro-motive force- and relatively less strength. 
By reference to the statements of Ohm's law, 
together with that of Joule, found in chapter 
VIL, it will be seen that the heat produced be- 
tween two points in a conductor conveying elec- 
tricity, and therefore the energy expended, is 
equal to the product of the electro-motive force 
and the strength of the current. This product 
may be maintained at a given value through a 
wide range of either of these factors, provided 
the other be suitably varied, and it might thus 
appear that for the transmission of energy it 
was matter of no moment whether a strong cur- 
rent with low electro-motive force or a weaker 
current with high electro-motive force was used. 
It does not follow, however, that the actual econ- 
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omy of the operatiuu will be the same in 
cases. In conveying the energy to the p« 
where it is to be utilized, either as light 
mechanical power, it is necessary to avoid loss 
the conductors as far as possible. Heavy cuireL 
require heavy conductors, and the original tot 
of a plant for their distribution is much greafti 
than in the case of wilier currents, although ll^ 
energy transmitted may be the same. This ^m 
" high-tension " systems a great a^l vantage in OA 
matter of original investmeut of capital, providel^ 
they are just as efficient in their operation. Voti 
&e utilization of these high-tension currents ii 
has been found advisable to transform them, at or 
near the point where they are used, into current! 
of greater strength and less electro-motive force. 
The device used for thus changing alternate cur- 
rents is known as a " transformer," and although 
of very recent application the principle on which 
it depends was first recognized and announced 
by Joseph Henry as long ago as 1638. In his 
own language, it was that " a qvantUy current 
can he induced /rom one of intejisity ;" that is 
to say, a weak current with high eleetro-motive 
power may by induction give rise to a strong cur- 
rent with lower electro-motive force. In the well- 
known " Induction Coil," a current of consider- 
able strength is passed through a coil of coarse 
known as the primary coil, wrapped about 
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a soft-iron core, the whole being surrounded by a 
long coil of very fine wire called the secondary 
coil. By rapidly making and breaking the cur- 
rent in the primary, electricity of a sufficiently 
high " tension " is produced in the secondary to 
maintain a series of discharges through a con- 
siderable air-space. 

It is only necessary to reverse this process, 
with proper modifications to secure efficiency, 
and the " transformer " is the result. The rapid 
reversals of current in the long, fine wire induce 
currents in the heavier conductor, which, al- 
though alternating, are of greater strength and 
lower electro-motive force. 

Experiment has shown that the " efficiency " 
of these transformers is high, not a very great 
per cent, of the energy being dissipated in the 
operation. The introduction of transformers has 
given an impetus to the use of alternating current 
systems, which are still somewhat handicapped, 
however, by the generally admitted fact that al- 
ternating currents of high tension are more dan- 
gerous to life than others. 

Prohibitory and restrictive legislation is threat- 
ened, but it should not be forgotten that similar 
objections were urged only a few years ago 
against electricity of any kind, and a little earlier 
against the use of gas, steam, etc. It is interest- 
ing to note in connection with this, that one of 




* 



A CENTURY OF ELECTRICITY. 

the most recent proposed uses of electricity is as 
a means of projucing death iu the legal execution 
of criminals. The State of New York has, by 
act of its General Assembly, adopted this as a 
substitute for hanging ; at least one criminal has 
been sentenced to death by electricity, but on a 
plea that the law is unconstitutional, the execu- 
tion hiis been delayed, and the question is still 
with the courts. 

One of the most interesting and important of 
the recent applications of alternate currents and 
transforoiers is the device for welding by eleo* 
tricity invented and perfected by Professor EUhu 
Thomson, A " low-tension " current from a suit- 
able transformer is passed through the junction 
of the metals %a be joined, and by reason of the 
higher resistance at that point, the pieces being 
held together by a light pressure, heat is gener- 
ated, the ends in contact are fused and softened, 
and while in this condition are pressed firmly 
togetlier by a slight movement of the elamps in 
which they are held. By this very ingenious 
process, it is not only possible to weld metala 
hitherto difBculfc or impossible to join in that way, 
such as copper, brass, cast-iron, etc., but actually 
to weld together dissimilar metals, pieces of dif- 
ferent cross section, and to form welded rings of 
large or small diameter. Pipes may be joined 
in this manner, and wires, from the smallest up 
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o or ttree inches in diameter, the operatioD 
[uiring very little time, and consuming almost 
e of the length of the specimen. 
A welding heat can thns be produced at any 
Bnt without danger to the remainder of the 
rueture, and shapes of an intricate form can he 
(lilt up. Highly skilled labor is not necessaiy 
^the success of the operation, and this applica- 
a of electricity is certain to become one of 
9at practical importance in the near future. 
The steady advance in the matter of electrical 
torage of energy " should not be overlooked, 
xindary batteries or accumulators have been 
tensiderably improved, and their cost has been 
^eatly reduced. Their practical use has consid- 
7 extended, and it may be confidently ex- 
BCted that they will in the near future justify 
[ their performance the confidence which is 

Bed in them. 

One of the best indications of this confidence, 

B well as of the assured success of the principal 

levelopmeuts in electricity at the present time, is 

B fact that speculation and stock-jobbing is no 

tr the main object of those financially inter- 

., and that most electrical enterprises have 

\ beoome safe and legitimate investments, paying 

' reasonable dividends. 

While much has been done in the practical 
utilization of electricity during the past few 
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years, it may safely be said that much more has 
been accomplished in the development of its 
theory. The direction of this advance has been 
towards a better understanding of the real nature 
and origiii of electriual phenomena. While it 
would not be at all in harmony with the plan 
of this book to undeitake anything like an ex- 
tended discussion of electrical theories, the im- 
portance of recent researches and the interest 
they have created justify a brief consideration of 
the subject, 

The manner in which electrical and magnetia 
induction takes place has from the beginning 
excited the interest of physicists. From the 
time of Newton, philosophers have been unwill- 
ing to admit the possibility of what is gen- 
eial.y known as "action at a distance." The 
discovery that light travels at a finite and 
measurable velocity almost forced the conclu- 
sion that space must be filled with a medium 
through and by which light and radiant heat 
were transmitted. All recent investigation has 
strengthened this view, and resulted in an enor- 
mous accumulation of facts only explainable on 
the hypothesis of the existence of an ethereal 
medium. In fact, one of the most distinguished 
philosophers of modern times has emphasized 
his own confidence in ether by declaring that 
there are better reasons for believing iu its 
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reality than in that of shoemaker's wax. Max- 
well, through his study and exposition of Fara- 
day's great work, was led to the belief that 
electric and electro-tnaguetic phenomena might, 
in a similar manner, be explained upon the hy- 
pothesis of a medium possessing cei-tain me- 
chanical properties, and he quickly saw that this 
medium might be and doubtless was the ether 
demanded by the undulatory theory of light. 

The present century haa produced no physi- 
cist at once more brilliant and more profound 
than Clerk Maxwell. Born at Edinburgh in 
1831 and educated at Cambridge, he gave early 
promise of that genius which in a few years so 
enriched physical science that his death at a 
comparatively early age, almost before he had 
reached the prime of life, was regretted by 
philosophers of all lands, by whom he was uni- 
versally esteemed as one of tlie foremost expo- 
nents of modern physios. He was early drawn 
to the study of electricity, and especially 
through the perusal of Fara<iay'8 papers. He 
saw that Faraday's method of conceiving and 
treating electrical phenomena was essentially 
mathematical, although lacking the conven- 
tional mathematical symbols. He became the 
mathematical expounder of Faraday's work, 
which he enriched and enlarged by means of 
the powerful methods of analysis of which he 
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was master. Perhaps the most important of 
his many contribatlons was his electro-magnetla 
theory of light. lo the development of this 
theory, ia which the identity of the light ether 
and the electro-magnetic ether was assumed, 
be reached certain coneluaiona which ought to 
lie valid if the fundamental propositioua of his 
tiieory are correct These conclusion a have 
since been largely verified by experiment, and 
the tendency of physical research has been to- 
wards the confirmation of Maxwell's theory. 
Within the last two years, liowever, evidence 
in its favor has accumulated with wonderful 
rapidity, and of such a character aa to leave 
ahuost no doubt as to the reality of Maxwell's 
hypothesis. 

It is almost entirely embodied in a series of 
brilliant and elaborate investigations made by 
Dr. Hertz, of Carlsruhe, who, in their planning 
and execution, has exhibited great experimen- 
tal skill, together with a keen appreciation of 
the meaning of electrical phenomena. To get 
some idea of their eharaoter, it will be well to 
refer to the oscillatory nature of an electric dis- 
charge, a mechanical illustration of which may 
be found in the behavior of a bent spring, or 
any other elastic body subjected to a strain. 
If a spring is bent, the work expended in the 
bending is stored in the spring as potential 
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ftfgy, aasuming ita elasticity to be perfect. 
Tf it be freed from restraint, there will gen- 
erally follow a series of oscillatory discharges 
of this energy, or conversions of jrotential into 
kinetic energy, and mce versa. Tliese rapid 
vibrations from side to side, passing from rest 
at the extremes of its motion to maximum 
velocity in the middle, would continue indefi- 
nitely were it not for the dissipation of energy 
tbrough molecular and other frictions. The 
electric ether in a charged Leyden jar or other 
condenser is \a a condition somewhat similar to 
that of a bent spring, and especially in the fact 
that energy ia stored as " potential " in the 
charge. As long ago aa 1842, Joseph Henry 
observed that the discharge of a condenser was 
ost^atory in its character, consisting of "sev- 
eral reflex actions backward and forward until 
equilibrium is attained." In 1847 Helmholtz 
wrote " that the discharge of a jar is not a 
simple motion of the electricity in one direc- 
tion, but a backward and forward motion be- 
tween the coatings in oscillation, which become 
continually smaller until the entire vis viva is 
destroyed by the sum of the resistances." In 
1853 Sir William Thomson attacked the subject 
mathematically, and " packed the whole theory 
into an equation," the conclusions from which 
have been verified by many experiments. From 
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1870 to 1873, the nature of tlie oscillatory d 
oharge from a Leyden jar was thoroughly i 
vestigated experimentally by Professor ( 
Rood. The rajtidity with which these c 
tions take place ia governed by conditions ii 
some degree analogous to those controlling t 
period of vibration of an elastic body, and it 1 
especially worthy of note that the smaller t 
condenser the more frequent the oaciUatiou 
Dr. Oliver Lodge estimates that a gallon LeJ 
den jar, discharged through a stout wire fift 
or sixty feet long, gives rise to oscillations 1 
frequent as one million per second ; while in i 
pint jar, discharged in the ordinary manner b; 
a short, good conductor, they are as frequent t 
fifteen millions per second. 

These electrical oscillations must give r 
waves in the ether, precisely as the oscillatioD 
of a tuning-fork produce waves in the air ; a 
the length of these waves will, of course, 
equal to the velocity with which the wave i 
transmitted multiplied by its period. Assn^ 
ing with Maxwell that the electric ether < 
identical with the light ether, and that thai 
fore the velocity of transmission of these wait 
is appro umately 186,000 miles per second, it 
easy to calculate that the waves in the first i 
stance will be about one thousand feet long, ai 
in the second about sixty-five feet in lengt 



By diminiehing the electro-static capacity of the 
apparatus, the period can be made still shorter, 
and the wave-length correapondingly leas. Por 
some years the existence of these waves has 
been accepted by physicists, but to Hei-tz be- 
longs the great credit of having first actually 
found them in space, and for having established 
their existence by a series of experiments re- 
markable alike for their beauty and simplicity. 
It is impossible here to describe either method 
or results, except in the briefest possible man- 
ner. As to the method, it may be said that it 
was in principle somewhat analogous to the 
use of a resonator in acoustic experiments, 
which responds to and makes sensible any 
sound with which it is aynehronous. 

Hertz's " resonator " is very simple in form, 
consisting of a short metallic circuit broken by 
a small interval, across which sparks may pass. 
As to results, it is enough to say that he has 
been able to show that these waves obey all the 
laws, snch as those of reflection, refraction, 
polarization, interference, etc., to which light- 
waves are subject, when proper consideration 
is given to the nature of the material employed 
to produce these various effects. They have 
been concentrated by metallic mirrors and re- 
fracted by huge prisma of pitch. Metals, 
which are conductors of heat and electricity. 
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are opftqne to them, while non-conductors or 
poor conductors are transparent. It is easy to 
see that, if the vihration frequency be mads 
sufficiently great, these waves will possess all 
the essential oharacteristica of light-waves ; and 
remembering that the smaller the capacity of the 
charged body the more rapid the oscillations of 
the charge when it is disturbed, it will appear 
that electric charges on atoms or molecules 
might readily oscillate thousands of millions of 
times per second, and thus light might be re- 
garded as a purdy electrical phenomenon, as 
affirmed by Maxwell. Altogether the discover- 
ies of Hertz must take high rank as marking a 
distinct advance in electrical science, and es- 
pecially as opening a wide field for inveatiga^ 
tion which promises rich rewards to the many 
now entering upon its exploratioQ. 
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Messrs. Houghton, Mifflix and Company pub- 
lish, uoder the above title, a. series of books which set 
forth 'die ^complished facts of science. The wonder- 
fut achievements of scientific aod mechanical sicill in 
our day, — larger or more perfect telescopes, appliances 
by which the human voice is heard at a greater distance, 
new steamships faster than any of the old, electric cars 
that reach a speed before uijequaled,^ — all these results 
are based on a series of investigations which have been 
carried out mainly in the last hundred years ; and it is 
the purpose of this Series to place before its readers, in 
language as free as possible from technical terms, an 
accurate and readable account of these investigations, 
with more or less mention of tlie more prominent of 
those who have been engaged in them. 

The books are not elaborate or exhaustive treatises 
on their respective subjecis, but contain a fair account 
of the results already secured by experiment. They 
touch on matters of theory only so far as may be neces- 
sary to aid in the proper presentarion of facts. A fair 
illustration of the character of the Series is its first 
number, " A Century of Electricily," by Prof. T. C. 
Mendenhall, recently appointed Superintendent of the 
United States Coast Survey. This book, already issued 
and received wilh great favor, has been revised and 
furnished with an additional chapter, which brings it to 

So far as yet arranged for, the books pertain to the 
physical sciences. 

The Atlantic Monthly contains, from time to 
time, important articles on scientilii; subjects by men 
like Cleveland Abbe, N, S. Staler, Alpheus Hyatt, 



